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I EXECUTTVE ST]MMARY

The recycling of spent sandblasting grit, commonly referred to 1s spent

abrasive blast material (ABM), into asphaltic concrete has been investigated by the

U.S. Navy as an alternative to disposing the spent ABM in a landfill. This technol-

ogy transfer report discusses issues related to the technical feasibility and regulatory

"""eptaUitity 
of this concept and relates lessons learned from two U.S. Navy ABM-to-

asphalt recycling projects, one at Construction Battalion Center (CBC), Port Hueneme

irrsouthern California, and the other at Naval Station Treasure Island, Hunters Point

Annex (HPA) in northern California. The critical issues include sampling and chemi-

cal characterization of the spent ABM, asphalt mix design criteria, the development of

a work plan for the recycling project, regulatory compliance considerations, and cost.

The advantages and disadvantages of recycling spent ABM into asphalt are discussed.

The merits of recycling versus some other option should be evaluated on a case-by-
case basis.
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RECYCLING SPENT SAI\DBLASTING GRIT

INTO ASPHALTIC CONCRETE

1.0 INTRODUCTION

l.L Background

Numerous terms have been used to refer to spent sandblasting grit, including blasting sand,
blast media, and abrasive blast material (ABM). The term ABM has been adopted for the purposes of
this volume and will be used throughout to refer to any rnaterial that is used for sandblasting.

The U.S. Navy generates spent ABM as a result of its ship-cleaning operations. The spent
ABM generally contains low concentrations of metals from the paints, antifouling compounds, and
other coatings that are applied to ship hulls. ln the past, much of this spent ABM has been disposed
of in landfills of two types: nonhazardous waste landfills for spent ABM having very low metal con-
centrations, and hazardous landfills for spent ABM containing relatively high metal contents. How-
ever, landfill disposal is being scrutinized because of rising disposal costs, land ban restrictions
imposed by the Resource Conservation and Recovery Act (RCRA), and the growing emphasis on
waste minimization. Spent ABM appears to be a good candidate for recycling in asphaltic concrete or
other composites because its textural characteristics are compatible with those of the composites.
Also, it was shown in a previous study that certain spent ABM does not respond well to stabilization/
solidification technology to insolubilize the metallic constituents (Means et al., 1991).

1.2 Types of Abrasive Blast Material (ABM)

There are numerous types of ABM produced from a variety of processes. One type of ABM
consists of steel shot. It can be reused many times before it loses its blasting effectiveness, given the
proper equipment for separating the ABM from the blasting dust. However, steel shot is not a
normal component of asphaltic concrete. It is dense and subject to swelling upon oxidation, and
therefore is not recornrnended for recycling into asphaltic concrete.

A large number of types of ABM are derived from slag from smelting operations. These
typically are used once in a blasting operation and then discarded, although they can be calcined and
reused. The calcining process requires specialized equipment and is relatively expensive. A number
of ABM products are produced from copper slag, and are sold under a variety of trade names such as
Kleen Blast. and Sharp Shot, which are produced at two primary copper smelters in the western
United States, and Parker Brothers Apache, Black Hawk, and Copper Blast, which are produced at
secondary copper smelters. An ABM product sold under the trade name of Green Diamond is pro-
duced from nickel slag, and a widely used blasting product called Black Beauty is used in the eastern
and midwestern United States and is produced from coal slag.

Several details relating to product specification have a bearing on the recyclability of the
ABM. The first is product grade. Most blast materials come in at least three different particle sizes.
In general the coarser grades are more compatible with recycling into asphaltic concrete because they
mix better. The second consideration is that ABM produced from slag may contain elevated back-
ground levels of a variety of regulated metals. For example, copper slag from primary smelters

' 
Use of trade names does not necessarily constitute endorsement for use.
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I contains elevated copper and barium levels and lower but significant levels of cobalt, trivalent
chromium, and nickel. Copper slag from secondary smelters may contain significant levels of lead
and arsenic. Nickel slag typically contains elevated levels of nickel, copper, and trivalent chromium
and lower levels of cobalt and vanadium. ABM from coal slag typically contains nickel and
vanadium and a variety of other metals depending on the coal that was used as the source of the slag.
A number of these metals are regulated by the U.S. Environmental Protection Agency (EPA), and/or
states such as California. It is unlikely but possible that the ABM will be classified as a hazardous
material by virtue of its background soluble or total metal content. A high background metals content
in the virgin ABM means that the addition of a relatively small amount of metals-containing dust
during blasting may eause the spent ABM to be classified as hazardous.

A third major type of ABM is derived from beach sand. "Monterey beach sand" from
California is the subject of the two ABM-to-asphalt recycling demonstrations discussed in this
document (see Photos 1-1 and 1-2). Beach sand ABM typically is composed mostly of quartz with
some garnet and feldspar and traces of lithic fragments such as hornblende. Similar to slag-based
ABM, beach sand ABM comes in different particle sizes, with the coarse grades more amenable to
recycling into asphalt. However, unlike slag-based ABM, virgin beach sand contains very-low-
background metals concentrations, making it more amenable to recycling.

1.3 Examples of Wastes That Can Be Recycled Into Asphaltic Concrete

1.3.1 Reclaimed Asphalt Pavennent

The recycling of wastes into asphaltic concrete is not a particularly new concept. A wide
variety of materials have been successfully substituted for some portion of the normal graded aggte-
gate without adverse effects on product quality. The most widespread occurrence of recycling into
asphalt is the growing reutilization of reclaimed asphaltic concrete from previous paving projects.
The reclaimed asphalt is crushed and substituted for a portion of the aggregate in both cold-mix and
hot-mix asphaltic concrete. According to a prese release (ARRA, 1994), more than 12 million tons of
asphalt was recycled among 35 asphalt contractors inl992 alone. The corresponding savings were
more than $600 million in landfill costs and more than $30 million for liquid asphalt and aggregate.
In certain situations, the old pavement is recycled into cold- or hot-mix asphalt in place, thereby
reducing paving costs and reducing truck traffic on the highways to transport the old aggregate back
to the contractor's facility (ARRA, t994).

1.3.2 Glass

Another example of asphalt recycling is the recently developed concept of recycling waste
glass into asphalt. The resulting product has been termed "glassphalt" (Monroe, 1990). Glassphalt
uses mixed color glass that is less desirable for remelting to make new glass. Glassphalt containing
10% glass was used in a base coarse lift for the first time on a project in New Jersey. Highway
agencies in Connecticut, District of Columbia, New Jersey, and Virginia have been using glassphalt
on a trial basis (Ahmed, 1993).

1.3.3 Rubber

Rubber particulate from ground-up or cryogenically processed tires has been recycled as
aggregate in asphaltic concrete. Field tests of asphalt made with rubber particulate aggregate have
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Photo 1-1. PiIe of spent beach sand ABM covered with a tarp to minimize air emissions and
wetting. Note debris in the foreground.

been inconclusive. In some tests, the rubber aggregate product has lasted twice as long as conven-
tional asphalt, but it has failed rapidly in other tests (Blumenthal, 1993). Testing of asphalt contain-
ing recycled tire rubber is continuing, and on certain state highway projects the requests for proposals
are specifying rubber-containing asphaltic concrete material.

t.3.4 Spent Abrasives, Soils, and Foundry Sands

Other examples of recent asphalt recycling projects using spent ABM or waste materials
similar to spent ABM are as follows:

o Black Beauty (derived from coal slag) ABM from ship-cleaning operations at the Bath
Iron Works in Bath, Maine has been successfully recycled into hot-mix asphalt since
1990. The mix design includes ABM at a concentration of 5% by weight (Arndt,
1993).

o The incorporation of steel shot ABM from bridge-blasting operations has been the
subject of an ongoing demonstration project in North Carolina (Medford, 1989, 1990,
and 1992). Recent results suggest that the steel shot ABM is not compatible with the
asphaltic concrete product and is leading to premature failure due to the oxidation and
swelling of the steel particles (Medford, 1992, personal communication).

t
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Photo 1-2. Spent beach sand ABM from previous photo after screening to remove rocks and
debris.

Hazardous soil contaminated with zinc and lead from a railcar brake shoe facility in
California was recycled into cold-mix asphalt (Testa & Patton, 1992).

Thousands of tons of petroleum- and lead-contaminated soil from a steel wire
production facility in Massachusetts was recycled into asphalt (Anonymous, 1991).

Lead-contaminated foundry sands from brass foundries in Pennsylvania are being
recycled into asphalt (Boyd, 1992).

There are numerous permitted facilities for recycling petroleum-contaminated soils
into hot- and cold-mix asphaltic concrete. U.S. EPA (1992) provides a directory of
permitted recycling facilities and includes a discussion of the processing equipment
that is used.

1.4 Remedial Alternatives for Spent ABM

Numerous options other than recycling into asphaltic concrete exist for the management of
metal-contaminated ABM. Although recycling into asphaltic concrete may in many cases be a
technically feasible, inexpensive, and easily implementable alternative, the choice of this option
relative to the numerous other available technical options must be based on a careful analysis of the
advantages and disadvantages on a case-by-case basis. It is not within the scope of this present
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document to define all the other options and the decision-making rationale for technology selection;
however, it is useful to list a number of the alternatives so that the reader is broadly aware of the
options.

The principal remedial alternatives, other than recycling, for metal-contaminated ABM are
(1) disposal in a permitted landfill; (2) treatment by stabilization/solidification; (3) soil washing or
heap leaching; and (4) classification or flotation. Landfill disposal and stabilization/solidification are
the conventional remedial alternatives that are frequently and successfully implemented. Soil washing
and classification technologies are more innovative. These two technologies have not yet been fully
demonstrated for ABM materials, but they show promise for the future. A brief description of each
of the technologies is provided below.

1.4.1 Disposal in a Pemitted Landfill

Disposal in a permitted landfill is easily implemented and does not require the extensive
planning and treatability testing that are customarily associated with treatment projects. Principal
costs fall into two categories: (1) transportation, which is highly project-specific and dependent on
both the distance between the site and the landfill and the mode of transportation (and may range up
to hundreds of dollars per ton of material transported for more distant sites); and (2) tippage at the
landfill, which varies with the landfill and waste composition, but which typically ranges between
$150 to $250/ton. Compared with the other remedial and recycling options for sandblasting grit,
disposal in a permitted landfill is administratively easy to implement, but very expensive, and is not
compatible with U.S. EPA's preference for recycling or treatment over disposal (see Figure 1-1).

1.4.2 Treatuent by Stabilization/Solidification

Chemical stabilization, or solidification/stabilization(S/S) as it is frequently called, is a
proven technique for immobilizing a wide variety of metals in soil and solid waste. Screened solids
can be stabilized directly by mixing the solids with suitable binders that immobilize the metals physi-
cally and chemically. Common binders are cement, soluble silicate, fly ash, lime, and kiln dust.
Estimated treatment costs typically vary from $100 to $200iton. Smaller projects cost more than
larger projects on a per tonnage basis because of fixed costs, such as mobilization and demobilization,
and a low tonnage of spent ABM across which to spread these costs.

S/S technology is consistent with the treatability guidance in the Superfund Amendments and
Reauthorization Act (SARA) and has been designated a Best Demonstrated Available Technology
(BDAT) for metal-contaminated soils and solid wastes under the Resource Conservation and Recovery
Act (RCRA). Portland cement is the most frequently used generic stabilization agent for inorganic
wastes. Metals are transformed to less soluble forms (hydroxides and other phases) due to the alka-
line nature of the binder. Binder-to-waste ratios vary from l:10 to 1: 1. The process equipment can
be mounted on a trailer as a mobile unit, and different variations of the technology are offered by
numerous vendors.

Certain ABM products that have been recently introduced to the market incorporate an alka-
line cement binding agent, such as cement, lime, or kiln dust, into the granular ABM formulation for
purposes of reducing the aqueous solubilities of the confirminant metals and improving the chances

f
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Figrrre 1-1. U.S. Environmental Protection Agency's Hierarchy
of Ilazardous Waste Management.

First Choice (Pollution Prevention):
ReducelEliminate Waste Production at the Source

. Design Long-Lived, Low-Impact Products

. Use Less-Hazardous lnput Materials

. Minimize Use of Non-Recoverable Input Materials and of Water

. Conserve Energy in Production Operations and Facility Operation

. Improve Process Technology and Practices

Second Choice @ollution Prevention):
Reuse (Closed-Loop Recycling)

o Recover Chemicals
o Reuse Water
o Recover Waste Heat

Third Choice:
Recycle Off Site

o Ensure Safe Transport to Recycling Operation
o Select Environmentally Sound Recycling Technology

Fourth Choice:
Treat and Dispose of Unavoidable Wastes Safely

o Minimize Volume, Toxicity, and Mobility of Wastes
. Dispose of Safely

Baltelle
U.S. Environmental Protection Agency's

Hierarchy of Ilazardous Waste

HUNTERS POINT PROJECT

CHECKED BY

L.S.

t-6



I

F

to

I
I
I
I
I
T

I
I
I
I
I
T
t

that the spent ABM will pass the Toxicity Characteristic Leaching Procedure (TCLP) (or other
regulatory) leach test. Example trade names of ABM with built-in chemical stabilizers are StarBlast'
and BlastTOX. An important question relating to the use of these materials is whether the metal
immobilization that occurs in ABM leads to long-term immobilization of the metals or whether the
stabilizers simply allow the spent ABM to pass the TCLP with no long-term immobilization of the
metals in a disposal or reuse environment.

1.4.3 Treatuent by Soil Washing and Classification

Both soil washing (or heap leaching) and classification show promise as future treatment
technologies for spent ABM, either coupled with each other or combined with other technologies;
however, neither technology has yet been demonstrated at full scale for this type of material. The
soil washing dissolution reaction has not yet been shown to be adequately selective for Pb and other
metals; high selectivity is required in order to reduce the soluble Pb content of the soils to levels that
will satisff regulatory criteria. Classification technologies show potential for further reducing the
metal content of spent ABM, particularly in view of the fact that most of the contaminant metal
content in spent ABM occurs in fine-grained paint dust fragments that should be physically separable
from the blast granule matrix. However, as with soil washing, the classification technology for spent
ABM has not been adequately demonstrated at full-scale operation. Also, classification technology is
somewhat complex, entails numerous steps, and uses large volumes of water that.must be decontami-
nated or disposed of at the conclusion of the project. The Naval Facilities Engineering Services
Center (NFESC) currently is studying both technologies - soil washing and classification - for their
applicability to the treatment of ABM and similar types of metal-contaminated solids and will report
on any significant advances in either technology in the future.

1.5 Other Recyding Altenratives for Spent ABM

Depending on its chemical and physical characteristics, spent ABM is potentially usable as a
raw material in the production of a number of different construction materials other than asphaltic
concrete. In California, the U.S. Navy has been studying the recycling of spent copper slag ABM in
the manufacture of Portland cement. This recycling option takes advantage of the relatively high iron
content of copper slag ABM. In Portland cement manufacture, the natural iron content of the quarry
rock must almost always be supplemented. This is usually done by purchasing iron ore. Therefore,
in this case the spent ABM is a substitute iron ore for the manufacture of Portland cement and pro-
vides some additional silica, which is one of the two major ingredients of Portland cement. The typi-
cal percentage of spent ABM in the final cement product is -0.3 to 2.0%, and the resulting metal
content of the cement due to the metal content of the spent ABM is very low. Testing at the cement
facility has shown that the metals that are entrained in the Portland cement product become insolu-
bilized due to heating to approximately 2900'F during cement production and that metal emissions
from the stack are well within permitted levels.

An additional recycling option for spent ABM is beneficial reuse in the manufacture of
structural fired clay products, e.9., bricks. The U.S. Navy, David Taylor Research Center in
Annapolis, Maryland, has been studying this alternative for the past several years. The bricks
produced using spent ABM meet the specifications for strength and absorption, and the metals are

' 
Use of trade names does not necessarilv constitute endorsement for use.
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incorporated into chemically stable, complex silicate phases during brick firing. Data collected thus
far indicate that metal leachability in the final clay product decreased with increasing particle size of
the spent ABM (Thomas, t992>.

A third recycling option for spent ABM has been studied by the University of Texas at Austin
in conjunction with the Texas Department of Transportation and involves the incorporation of spent
ABM into mortar. The spent ABM is substituted for a portion of the sand ingredient. The mortars
thus produced are being used in the production of riprap (Salt, 1993).

A number of recycling options for spent ABM take advantage of the abrasive's physical and/
or chemical characteristics. The above discussion is not necessarily comprehensive but is intended to
demonstrate the variety of recycling options that have been successfully implemented. The selection
of the most suitable recycling option for spent ABM materials depends on a number of different fac-
tors, such as the (1) physical and chemical characteristics of the ABM, including its metal concen-
trations; (2) level of risk that the ABM introduces to either the recycling process or product; (3) local
market demand for the spent ABM as a raw material; and (a) regulatory considerations relating to the
recycling option.

Most of these factors will vary significantly on a project-by-project basis and, in some cases,
for certain ABM products, evaluation of these factors will lead to the conclusion that recycling is not
preferred to treatment or disposal.
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I 2.0 CHARACTERIZATION OF TIIE SPENT ABM

As indicated in the previous section, the applicability of an asphalt recycling option to a given
spent abrasive blast material must be evaluated on a case-by-case basis. Spent ABM varies widely in
composition and characteristics according to its source. Therefore, each type of spent ABM must be
characterized thoroughly. This section briefly summarizes the types of analyses that are usually
required and gives guidance on how to obtain statistically representative samples on an accumulation
of spent ABM.

2.1 Chemical Characterization of the Spent ABM

Depending on its source, spent ABM may contain a wide variety of contaminants. It is impor-
tant to identify these and their concentrations for purposes of determining whether the grit is hazardous
or not and also for input to the assessment of any risks that may be posed to either human or ecological
receptors in either the recycling process or the product. For example, the California EPA's proposed
(now in the process of being finalized) standards for the use of recyclable materials in asphaltic con-
crete and concrete includes a requirement that recyclable materials must be "free of Se, Be, Cd, Hg,
and asbestos in quantities exceeding the concen-
trations set forth in Section 66699,Tit1e22,
California Code of Regulations. " The recy-
clable material also is supposed to be free
of organics, other than hydrocarbons, or the
recyclable material must have at least 95%
by weight nonhazardous constituents.

The challenge inherent to any analyti-
cal characterization project is to strike a bal-
ance between conducting too few analyses to
reliably characterize the waste versus con-
ducting an excessive number of chemical
analyses, which leads to unnecessary cost.
There are two issues here: one is the need to
conduct the right types of chemical analyses,
which are discussed briefly below; the second
is to ensure statistical validity by conducting
the right number of analyses and by collecting
the samples from the correct locations (see
Photo 2-1). This latter issue is discussed
briefly in Section 2.3 and in detail in Appen-
dix A. If the chemical analyses are required
by a regulatory agency, it is important to have
those analyses performed by analytical labora-
tories with the appropriate certifications.
Certain states such as California have their
own certification programs. For analyses
performed by the U.S. EPA, the laboratory
should be part of the Contract Laboratory
Program (CLP).
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3 Photo 2-1. Sampling spent ABM in accordance

with a statistically designed sampling plan.
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In designing the chemical characterization progr:rm, available information on the source of the
spent ABM should be consulted to the maximum extent possible. For example, if it is known that the
ABM was used to blast Pb-based paint, then Pb will be an important analyte; similarly, if there is no
plausible way in which the ABM could have come in contact with radionuclides, then there is no need
to embark on those expensive and time-consuming analyses.

2.1.1 Analyses for Metal Contaminants

In general, the chemical characterization program should include a thorough characterization
of total and leachable metals concentrations, because metals normally are the most significant contam-
inants in paints and coatings. The 19 California Assessment Manual metals and their corresponding
EPA analytical methods are listed in Table 2-L. All of these metals are regulated in the State of
California. Eight of these metals are regulated in "characteristic" wastes by the U.S. EPA:I
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o arseruc
o barium

o chromium
. cadmium

o lead
o mercurY

o selenium
o silver

A given sample of ABM usually contains only a few of these metals in significant concentrations. It
is not necessary to ar:eilyze for metals that, based on background information or project history, can
be shown to be absent.

The types of metal analyses that should be conducted depend on the applicable regulations but
usually will include a total metal analysis followed by an analysis of leachable metals. U.S. EPA uses
the Toxicity Characteristic Leaching Procedure (TCLP) to make a determination of whether a waste
shows a toxicity characteristic and is therefore hazardous. (The EP Toxicity Leaching Procedure which

Table 2-1. Metals for Chemical Analyses

the TCLP replaced is still used in rare instances.)
Certain states, such as California, have adopted their
own leaching procedures which are more aggressive
than the TCLP. In California, the leaching protocol
is referred to as the Waste Extraction Test (WET). It
is therefore possible for a waste to pass the TCLP but
fail the state's leaching test, such that the waste is
considered a hazardous waste in that state but not by
the U.S. EPA. In addition, the U.S. EPA regulates
metal-contaminated waste based on leachable metals
concentrations, but not total metals concentrations.
In contrast, certain states, including California,
regulate on the basis of total metals concentrations
in addition to soluble metals concentrations.

Hazardous waste classifications based on
total or soluble metals concentrations are made
in comparison to preestablished concentration
thresholds. Thresholds values for the TCLP, the
Total Threshold Limit Concentration (TTLC -
California's total metals content criteria) and
Soluble Threshold Limit Concentration (STLC -
California's soluble threshold limit content criteria
for the WET test) are providedinTable2-2.

2-2

Metal

Barium
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium, Total
Chromium (VI)
Cobalt
Copper
I€ad
Mercury
Molybdenum
Nickel
Selenium
Silver
Thallium
Vanadium
Ztnc

Method

EPA 7O8O
EPA 7O4O
EPA 7061
EPA 7O8O
EPA 7O9O
EPA 7130
EPA 7190
EPA 7196
EPA 72OO
EPAT2IO
EPA7420
EPA747I
EPA 7480
EPA7520
EPA774I
EPA77ffi
EPA 7840
EPA 7910
EPA 7950

I
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Table 2-2. M;et'al Concentration Threshold Values for TCLP,
EP Tox, TTLC, and STLC Tests

I
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(a) U.S. EPA Toxicity Characteristic I*aching Procedure, Method 1311
U.S. EPA Extraction Procedure Toxicity Test, Method l3l0

O) From California Code of Regulations , Title 22, Section 66699. TTLC = Total
Threshold Limit Concentration.

(c) From Califomia Code of Regulations, Title 22, Section 66699. STLC = Soluble
Threshold Limit Concentration.

When analyzing metals, it generally is most cost-effective to conduct the total metal analyses

I first, and then to ar:rrlyze for just those leachable metals whose total concentrations are such that a
I potential leachable metals concentration exceedance is possible, taking into account the dilution factor

of the leaching test. For example, if the average total Pb content of spent ABM sample is 50 mg/kg,
I than the maximum corresponding TCLP Pb concentration is 2.5 mglL, because the TCLP test
I involves a 20-fold dilution of the waste with extractant. Therefore, it is physically impossible for the

TCLP Pb content of the ABM to exceed the TCLP threshold of 5 mg/L, and it is a useless expendi-

I ture of project funding to conduct the TCLP Pb analysis in this situation. The same logic applies to
f the California WET test, except the WET involves a 10x dilution factor rather than 20x.

I 2.1.2 Analysis for Other Types of Contaminants

I
Although metals usually are the principal contaminants of concern, there may be a need to

I analyze the spent ABM for other possible contaminants or unusual forms of metallic contaminants that

t 
-igh.t pose special ha'ards,. For example, depending 

9n,the 
source and storage conditions of the

spent ABM, analyses for the following may be warranted:

I

Element
TCLP and EP Tox(")

(mg/kg)

Metal Concentration

TTLCo (mg/L) STLCG) (mg/L)

500 15
500 5

10,000 100
75 0.75

100 1
2,500 560

500 5
8,000 80
2,500 25
1,000 5

20 0.2
3,500 350
2,000 20

100 1
500 s
700 7

2,400 24
5,000 250

sb
As
Ba
Be
cd

Cr (Total)
Cr(VI)

Co
Cu
Pb
Hg
Mo
Ni
Se
Ag
TI
V
Zn

5
100

I
'_

;
o:

I
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lr U.S. EPA organic priority pollutants, such :rs semivolatile organics (EPA Method

8270), volatile organics (Method 8240), and/or organo-chlorine pesticides and
polychlorinated biphenyls (PCBs) (Method 8080).

Petroleum hydrocarbons; benzene, toluene, ethylbenzene, and xylene (BTEX); and/or
oil and grease.

Asbestos

Radionuclides.

An example of a special form of a metal that may be present in spent ABM from ship-
cleaning operations is tributyltin (TBT). This compound was widely used for several decades as a
coating on lower ship hulls to inhibit biological growth. The use of TBT was discontinued when it
was found that it is acutely toxic to numerous species of marine biota and is persistent in the environ-
ment. Thus, it is not unusual to find TBT or other organo-tin compounds in spent ABM from older
ships. Note that many of these analyses are relatively expensive (i.e., up to several hundred dollars
per analysis) and, with the exception of TBT cited above, there is no reason to suspect their presence
in normal spent ABM. Only in those special instances where there is likelihood of the substances
being present should the analyses be conducted.

2.1.3 Noncontaminant Chemical Characterization

As indicated in Section 1.0, information on the bulk chemical composition of the spent ABM
will aid in the evaluation of the most viable recycling option. For example, an ABM with high Fe
content and very fine particle size will probably be a better candidate for recycling into Portland
cement than into asphalt. However, if the same ABM contains elevated Mg, then it may be a poor
choice for recycling into Portland cement, because Mg is an undesirable constituent in the product.
Therefore, information is needed on the bulk chemical composition of the spent abrasive. Because
most abrasives are predominantly composed of silica and/or metal silicates, then the following
analyses would be expected:

T
T
t
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CaO
NarO
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o SiOz .
o AlOr .

. K p
o MgO

t FEot

However, depending on the source of the ABM, it may also be advisable to analyze for other anions
such as chloride or sulfate, or metallic iron, which are undesirable in asphaltic concrete because they
can lead to swelling and premature cracking.

2.2 Physical Characterization of the Spent ABM

Basic information on the physical characteristics of the spent abrasive also is needed to
evaluate the feasibility of recycling into asphalt, including the following attributes:

1. Particle size or gradation charaoeristics. This affects mix design and determines the
percentage of spent ABM that can be tolerated in the mix design. Gradation analyses
such as a sieve test or Los Angeles Rattler test can be readily obtained from materials
testing laboratories.

I
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Specrfic gravity. This should be factored into the densitometer readings that are made
at the grade to determine when optimal compaction has been achieved.

Moisture content. Excessively wet ABM will need to be dewatered prior to recycling
into asphaltic concrete.

Volume of ABM to be recycled. This information along with the percentage of ABM
in the mix design will determine the amount of asphaltic concrete that must be
produced in order to recycle the entire amount of ABM.

Presence of debris. Spent ABM frequently contains debris such as cloth, wood, or
pieces of ceramic or metal. Debris usually can be removed easily prior to recycling
by screening.

2.3 Sampling Procedures

Obtaining representative and statistically valid chemical characterization data on a large and
heterogeneous accumulation of spent ABM can be challenging. The sampling program needs to be
statistically designed. Appropriate sampling
procedures must be used to avoid contamina-
tion. The major issues in any spent ABM
sampling and analysis program are:

. statistical design of sampling
locations and sampling
frequency

o sampling equipment and
operation

sample collection and
preservation

personal protective equipment
and decontamination

2.

3 .

4 .

5 .

I
I
I
I
I
l

I
I
l
I
I
t
I

. sample custody, labeling,
packaging, and transportation

r sample quality assurance and
quality control.

Guidance on these and related issues is provided
in the attached example Sampling and Analysis
Plan (Appendix A), which was prepared for the
characterization of several piles of spent ABM
at the Mare Island Naval Shipyard in Vallejo,
California (Photo 2-2). Photo 2-2. Using a hand auger to sample spent

ABM.
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3.0 REGT]LATORY CONSIDERATIONS

3.1 Introduction

Depending on applicable state codes, regulations, or policy, spent ABM will fall into one of
three categories:

Category 1: Nonhazardous and unregulated by either state or U.S. EPA regulations.

Category 2: Special waste or hazardous by state code or local code, but nonhazardous by
U.S. EPA regulation (note, not all states have special waste or state-only
hazardous waste definitions).

Category 3: Hazardous by virtue of both state and U.S. EPA regulations.

If the ABM is nonhazardous by both states and U.S. EPA code and does not fall into any special
waste categories, then it is unregulated and there are no regulatory compliance issues pertaining to the
asphalt recycling option. However, in any case, it is still advisable to discuss the intent to recycle the
spent ABM to the purchaser of the asphalt, whether it be a private party or an entity of a state depart-
ment of highways or transportation. If the spent ABM falls in the second category above, i.e., regu-
lated by the state but not by the U.S. EPA, then a number of state regulatory agencies may have
cognizance over the recycling project. If the ABM falls into the third category, then both state
regulatory agencies in addition to the appropriate U.S. EPA regional office will need to be contacted.

For category 2 and 3 materials, the following regulatory agencies may have cognizance:

. State air board or air quality management district

. State water board

. State environmental protection agency (or departrnent of environmental protection)
o County department of public health (or similar agency, if applicable)
. City department of public health (or similar agency, if applicable)
o Regional office of the U.S. EPA.

The names of these organizations may vary widely from region to region, and the above list is not
necessarily complete. A list of addresses and phone numbers of state environmental regulatory
agencies and a list of U.S. EPA information hotlines and other sources of regulatory information
pertaining to recycling are provided in Appendix B (SSPC, 1992).

Regulations pertaining to recycling vary widely from state to state; in addition, the prevailing
attitude on the part of the regulator toward recycling will vary based on a number of factors, such as
prior track record, perceived risk and public perception, and other factors. It is not possible here to
define or predict the compliance issues that may be encountered on a project-by-project basis. The
remainder of this chapter summarizes U.S. EPA and state regulations (using California as an e&lm-
ple) that pertain to the recycling of spent ABM. The discussion of state regulations and policy per-
tains specifically to California code only, but may provide some generic perspective on the types of
compliance issues that may be encountered in other states as well.
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3.2 Overview of RCRA Recycling Regulations

The Resource Conservation and Recovery Act (RCRA) of L976, as amended by the Hazard-
ous and Solid Waste Act (HSWA) of 1.984, is the primary legislation that regulates recycling of
hazardous waste materials.

Rules issued by U.S. EPA on January 4, 1985 (50 FR 614) acknowledged the need to
encourage safe recycling of hazardous wastes - particularly when recycling clearly reduces potential
harm - while at the same time assuring the abatement of pollution and the prevention of harm to
human health and the environment (see Photo 3-1).

For a secondary material to be regulated under RCRA Subtitle C, a substance must first meet
the definition of a "solid waste." Section L00/rQT) of RCRA defines solid waste as:

any garbage, refuse, sludge, ... and other discarded material, including solid, liquid,
semisolid, or contained gaseous material resulting ftom industrial, commercial,
mining, and agricultural operations and from community activities.

A central element of this definitionis that wastes are "discarded." In 1985, the U.S. EPA revised
the definition of solid waste to further clarify when a secondary material that will be recycled is con-
sidered a solid waste. Under the regulatory definition of solid waste, found in 40 CFR Sec-
tion26l.2(a-f;, a secondary material is defined as a solid waste if:

I
I
I
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I
I
I Photo 3-1. Wetting donm the grit pile during screening operations to control fugitive emissions,

protecting human health and the environmmt.
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o It is abandoned
. It is recycled in certain ways, or
o It has been defined as "inherently wastelike."

The term 'secondary material" refers to spent materials, sludges, by-products, commercial
chemical products, and scrap metals, as defined below:

Spent mnterial - a material that has been used, which as a result of contamination
can no longer serve the purpose for which it was produced without further processing.

Sludge - any solid, semisolid, or liquid waste generated from a municipal, corlmer-
cial, or industrial water or air pollution control facility (exclusive of the effluent from
a wastewater treatment plant.

By-produa - a material, excluding a co-product, that is not one of the primary prod-
ucts of a production process and is not solely or separately produced by the produc-
tion process (e.g., process residues such as slags or distillation column bottoms).

Commercial chemical products - a category that specifically includes unused
commercial chemical products listed in Section 261.33 but is interpreted to include
additional unused products that exhibit a hazardous waste characteristic.

Scrap metal - bits and pieces of metal parts such as bars, turnings, rods, sheets, or
wire, or metal pieces that may be combined with bolts or soldering (radiators, scrap
automobiles, railroad boxcars) and that, when worn, can be recycled.

When these five secondary materials are "recycled in certain ways," they may or may not be defined
as solid wastes. The U.S. EPA has made distinctions between recycling that is regulated as waste
management and recycling that is exempt from regulation, depending on the type of secondary
material and the manner in which it is being managed.

With respect to the second item, 'recycled in certain ways,' secondary materials are solid
wastes, and thus are subject to regulation, when they are recycled in the following four ways:

o Used in a manner constituting disposal (i.e., applied to the land or used to produce a
product that is placed on the land).

o Burned for energy recovery (including used to produce a fuel).

o Reclaimed (processed to recover a usable product or component or regenerated), or

o Accumulated speculatively (material stored with less than71% recycled within
one calendar year).

The regulations state that when any of the seeondary materials identified above is recycled in any of
the four ways indicated, it is defined as a solid waste, with four primary exceptions:

Characteristic sludges being reclaimed
Characteristic by-products being reclaimed

I
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Commercial chemical products being reclaimed, or
Commercial chemicd products being speculatively accumulated.

Characteristic sludges and by-products used in any of the remaining three ways (i.e., placed on the
land, burned for energy recovery, or accumulated too long before recycling) are solid wastes.
Commercial chemical products that are placed on the land or burned for energy recovery also are
solid wastes, unless that is their ordinary use.

In addition to the exclusions discussed above, the U.S. EPA recognized other situations that
closely resemble production processes and, therefore, are excluded from regulation under the RCRA
progrirm. Materials are not solid wastes when legitimately recycled by being:

Used or reused as an ingredient in an industrial process to make a product, provided
the materials are not first reclaimed

Used or reused as effective substitutes for commercial products provided they have
not been reclaimed. or

Renrrned to the original process from which they are generated without first being
reclaimed (material must be used as a substitute for raw material feedstock).

These materials are not considered solid waste.

Although the direct reuse provisions exempt certain materials from being solid wastes, there
are limits to these exemptions. Materials that are used/reused as ingredients or substitutes for com-
mercial products but are also placed on the ground or incorporated into products placed on the ground
(i.e., that are used in a marmer constituting disposal) remain solid wastes. Also, if a material is used
or reused by betng burned for energy recovery or used to produce a fuel, it remains a solid waste.
Finally, if a material is speculatively accumulated or is "inherently wastelike,' the material remains a
solid waste regardless of the rnanner in which it is recycled.

The burden of proof that a particular material is not a solid waste and is, therefore, exempt
from regulation lies with the person making the claim. This person must be able to demonstrate that
there is a market for the material and that the specific use/reuse meets the condition of the exclusion.
Closed-loop recycling processes also are excluded from regulation (40 CFR 261.4).

In addition, three case-by-case variances can be granted by the Regional EPA Administrator
to exclude a material from classification as a "solid waste," two of which involve recycling:

A material is reclaimed and then reused as a feedstock within the original primary
production process in which the material was generated if the reclamation operation
is an essential part of the production process, or

A material has been reclaimed but must be reclaimed further before recovery is
complete if, after initial reclamation,. the resulting material is commodity-like.

The U.S. EPA has also established a policy identifying criteria that may indicate sham
recycling that is actually a surrogate for hazardous waste treatment or disposal. If a person uses a
secondary material as is (in a production process), that person must be able to show that the
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secondary material is as effective as the raw material it is replacing. Also, if the material does not
contribute any necessary or significant element to a product of the production process, the recycling
may be a sham. Other indicators of sham recycling are use of a secondary material in excess of the
amount necessary for a particular process and the handling of a secondary material without regard to
economic loss. The burden of proof for the legitimacy of a claimed regulatory exemption rests solely
on the recycler.

For secondary materials subject to regulation as a solid waste and potentially as a hazardous
waste, specific standards exist for some types of hazardous waste reuse or reclamation activities.
Generators and transporters of recyclable materials (hazardous wastes that will be recycled) generally
are subject to 40 CFR Parts 262 (generator requirements) and 263 (transporter requirements) of
Subtitle C, as well as notification requirements of Section 3010 of RCRA. Additionally, recycling
facilities that store recyclable materials prior to recycling are subject to notification requirements and
Subtitle C hazardous waste storage requirements. However, in general, the recycling process itself
currently is exempt from regulation under Subtitle C. Recycling facilities that do not store recyclable
materials before recycling are subject only to Subtitle C notification and manifest requirements.

Some particular recyclable materials are not subject to the full generator, transportation, and
storage requirements of Subtitle C, but are only subject to the limited provisions of Part 266 (agarn,
the actual recycling process is not regulated; only the storage prior to recycling is subject to full
Subtitle C regulation). Recyclable materials regulated under Part 266 include:

Hazardous waste burned for energy recovery
Precious metal reclamation
Spent lead-acid batteries
Recyclable materials used in a nnnner constituting disposal

Materials that are specifically exempted from regulation under Subtitle C at this time (even though the
U.S. EPA retains regulatory jurisdiction over them and could choose to regulate them at a later date)
are:

Industrial ethyl alcohol

Used batteries returned to the manufacturer for regeneration

Used oil that exhibits the characteristics of hazardous waste but is recycled in some
nunner other than being burned for energy recovery

Scrap metals that are recycled

Fuels produced from the refining of oil-bearing hazardous wastes along with normal
process streams at a petroleum refining facility if such wastes result from normal
petroleum refining, production, and transportation practices.

Oil reclaimed from hazardous waste resulting from normal petroleum refining,
production, and transportation practices, when that oil is reclaimed with the normal
process streams at a petroleum refining facility

lo
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Coke and coal tar from the iron and steel industry that contains K087 from the iron
and steel production process

Hazardous waste fuel and oil reclaimed from oil-bearing hazardous wastes so long as
the fuel meets the used oil fuel specification and other specific parirmeters

Petroleum coke produced from petroleum refinery hazardous wastes at the same
facility where the waste is generated (unless the coke exceeds a characteristic level set
out in CFR 261 Part 40, subpart C).

3.3 Summary of Califomia EPA Policy Regarding
"Use in a Manner Constituting Disposal"

California is one of a handful of states that have promulgated policy pertaining to recycling
hazardous wastes into construction materials and specifying acceptance criteria for the types of wastes
or by-products that may be recycled. On August 18, 1995, the California EPA, Departrnent of Toxic
Substances Control (DTSC), Alternative Technology Division in Sacramento issued a management
memo dated August 1995 for "Use Constituting Disposal or UCD" (Appendix C). The purpose of
this policy is to encourage the recycling of suitable wastes into construction materials and to establish
conditions to assure that the recycling occurs safely and can be monitored as necessary to prevent
abuses. Several of these conditions, which are described more fully in Appendix C, are as follows:

l. Policy applies only to non-RCRA (California-only) hazardous wastes.

2. For wastes failing the California WET test (California version of the TCLP leach
test), the contaminant in the resulting construction material needs to be "chemi-
cally bound." The effect of contaminant dilution by other ingredients in the con-
struction materials needs to be accounted for by increasing the measured leachable
concentration by the dilution factor so that the component of immobilization due
to chemical binding can be assessed. The WET soluble metal content of the
asphalt-treated ABM must adhere to STLC standards after accounting for the
effect of dilution.

3. Recyclable materials should add no significant hazafi to public health or the
environment, either in the recycling process or in the final product.

4. The recyclable materials must be used beneficially; that is, the material must meet
accepted performance standards such as Caltrans (California Department of Trans-
portation) specifications and must be made for commercial use.

Clearly, compliance with these criteria will involve some testing and evaluation. Demonstrat-
ing compliance with the metals leaching criteria will require laboratory or field treatability tests to
evaluate the extent of metals immobilization due to asphaltic binder ingredients. Compliance with the
criteria pertaining to hazards posed by the recycling process or product may require the performance
of a quantitative risk assessment.
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I 3.4 California Ilazardous Waste Management Compliance Issues

The regulations summarized in Sections 3.2 and 3.3 specify when a hazardous by-product is
recyclable. Once that recyclability is demonstrated, for category 2 and 3 wastes, it will still be
necessary to manage that recycling project in compliance with applicable state, local, and/or U.S.
EPA waste management regulations.

As in the previous sections, it is not possible to define these regulations and policies for every
region, as they will vary significantly from region to region. However, it is instructive to indicate the
types of compliance issues that may exist, using California as an example.

In California, hazardous waste control requirements are set forth in the California Health and
Safety Code, Division 20, Chapter 6.5, Section 25100 et seq. and regulations adopted to implement
this section of the statutory code. Recyclable materials are subject to these requirements unless a var-
iance is issued by the California DTSC or unless the material is excluded or exempted from classifica-
tion as a waste under Section 25143.2@), (c), or (d) or California's hazardous waste management
regulations (adopted pursuant to Sections 25150 and 25151).

Materials exempted or excluded under Section 25143.2, subdivisions O) or (d), must be
managed in accordance with the requirements for management of a recyclable material specified in
25143.9. Under 25I43.9(a), if a material is held in a container or tank, the container or tank must be
labeled, marked, and placarded in accordance with DTSC hazardous waste labeling, marking, and
placarding requirements applicable to generators, except that the container or tank would be labeled
or marked clearly with the words "Excluded Recyclable Material" instead of the words 'Hazardous
'Waste," 

and manifest document numbers would not be applicable.

Under 25143.9@), the owner or operator of the business location where the material is
located must have a business plan that meets the California requirements given in Section 255M,
including but not limited to emergency response plans and procedures, as described in subdivision O)
of Section 25504, which specifically address the material meeting the DTSC's emergency response
and contingency requirements that are applicable to generators of hazardous waste.

Section 25143.9(c) requires that the recyclable material be stored and handled in accordance
with all local ordinances and codes, including but not limited to fire codes, governing the storage and
handling of the hazardous material. If a local jurisdiction does not have an ordinance or code requir-
ing secondary containment for hazardous material storage areas, then the material must be stored in
tanks, waste piles, or containers meeting the DTSC's interim status regulations establishing design
standards applicable to tanks, waste piles, or containers storing hazardous waste. Finally, under
Section 25143.9(d), there are additional requirements if the material is being exported to a foreign
country.

Although recyclable materials are not required to comply with the same regulations applied to
hazardous waste generators, there is a statutory provision that affects the length of time that recycla-
ble materials can be stored. Under Section 25413.2(e), materials that are speculatively accumulated
do not qualify for the exemptions under Section 25143.2. Because California has not specified a defi-
nition of speculative accumulation, the definition established by the U.S. EPA in 40 CFR 261.1(cX8)
applies. Under this definition, a recyclable material is not accumulated speculatively if the person
accumulating it can show that the material is potentially recyclable and has a feasible means of being
recycled; and that during the calendar year (commencing on January 1), the amount of material that is
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I recycled or transferred to a different site for recycling equals at least 75% by weight or volume of the
arnount of that material accumulated at the beginning of the period.

Persons recycling more than 100 kilograms per month of recyclable material are required to
provide reports to the local health officer or other local public officer authorized to implement the
statute (see Section 25143.10). The following information is required to be provided in writing every
2 years:

1. The name, site address, mailing address, and telephone number of the owner or
operator of any facility that recycles the material.

2. The name and address of the generator of the recyclable material.

3. Documentation that the requirements of any exemptions or exclusions pursuant to
Section 25143.2 are met including, but not limited to, all of the following:

A. Where a person who recycles the material is not the same person who gener-
ated the recyclable material, documentation that there is a known market for
disposition of the recyclable material and any products manufactured from the
recyclable material.

B. Where the basis for the exclusion is that the recyclable material is used or
reused to make a product or as a safe and effective substitute for a commercial
product, a general description of the material and products, identification of
the constituents or group of constituents, and their approximate concentra-
tions, which would render the material or product hazardous under the regula-
tion adopted pursuant to Sections 25t40 and 2514I, if it were a waste, and the
me:rns by which the material is beneficially used.

This information must be provided in the format developed by the California Conference of Directors
of Environmental Health in consultation with the DTSC. Also, if the person recycling the material is
not the same person who generated the recyclable material, then the person who recycles the material
is required to provide the generator with a copy of the information listed above.

If the exclusion of the recyclable material is questioned and the regulatory authority brings
action against the owner or operator using the recyclable material, the burden of proof that the exclu-
sion is valid lies with the owner or operator, not with the agency. The owner or operator would be
required to provide information on the management of the material and to maintain adequate records
to demonstrate that there is a market for disposition of the material (Section 25t43.2, subdivision (f)).

3.5 Public Infomation and Involvement

Support of the people in the area where the asphalt will be used is an important aspect to
gaining acceptance of the recycling option. Public support can be fostered by providing information
in precise but nontechnical language early in the project. A group of example news releases for a
general audience is provided as Appendix D.
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I 4.0 IUIX DESIGN TESTING

Before commencing the full-scale production of asphaltic concrete using spent ABM as an
additive, it is advisable and sometimes necessary to conduct some mix design tests in the laboratory to
prepare some ABM-containing asphaltic concrete specimens for subsequent testing. There are three
principal reasons for conducting these mix design tests:

o To optimize the mix design in terms of relative proportions of aggregate, asphalt
bitumen, and spent ABM.

o To demonstrate that the resulting ABM-containing asphaltic concrete product
possesses structural integrity and will meet the physical properties requirements for
demonstrating long-term durability under the anticipated traffic load.

o To verify that the chemical characteristics of the ABM-containing asphaltic concrete
adhere to any regulatory criteria, such as the California UCD criteria for immobili-
zation of soluble metals content described in Section 3.3.

Some additional detail on these three aspects of mix design testing are presented below.

4.1 Optimizing the Mix Design

Generally an asphalt plant has several standard mix designs for their asphaltic concrete prod-
ucts. Incorporating the spent ABM usually is not very difficult in that it can be readily substituted for
a portion of the normal sand/dust or fines fraction. Alternatively, spent ABM can be used as mineral
filler, which is allowed by many states at a concentration up to - 15% in the final asphaltic concrete
product. Note that, even with metal contaminants from the paint chips, spent ABM often will have a
total metal content similar to the metal content of natural mineral fillers such as soil, sand, or crushed
rock. A tabulation of the trace element concentrations commonly found in soils is provided in
Table 4-1 to give a basis for comparing the spent ABM to the composition of natural soils.

Spent ABM typically is added to asphaltic concrete in substitution for a portion of the fine
fraction, usually at a concentration ranging from 5 to 10 wt % in the final asphalt product. However,
theoretically the entire fine size fraction in the asphaltic concrete, up to 25 to 35% depending on mix
design, could be comprised of spent abrasive.

Usually the spent ABM will have physical characteristics so similar to the normal fine aggre-
gate constituents for which it is being substituted that further modification of the mix design is not
necessary. However, if this is not the case, and there is concern that the optimal asphalt (oil) content
of the asphaltic concrete needs to be modified in order to accornrnodate the spent ABM, the Centri-
fuge Kerosene Equivalent (CKE) test (ASTM D 5148-90) can be conducted. The CKE test consists
of saturating with kerosene all aggregates of the mixture that pass the No. 4 sieve (considered as the
fine aggregate fraction) and then centrifuging at 400 g. The 3/8 inch to No. 4 size aggregate, con-
sidered to be the coarse fraction, is saturated.with lubricating oil (SAE No. 10 oil or Shell Tellus
No. 100 oil) and allowed to drain for 15 minutes at 140'F. Various K factors, Il (for coarse frac-
tion) and Ks (for fine fraction), are determined from the weight of the kerosene and oil retained in the
aggregates. From the K factors, the approximate bitumen ratio (ABR) or the optimum asphalt content
is read from several plots found in the ASTM standard.
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p Table 4-1. Trace Elements Comnonly Found in Native Soils (mg/trg)
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Trace Elements

Antimony

Arsenic

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Ix;ad

Manganese

Mercury

Molybdenum

Nickel

Selenium

Silver

Strontirrm

Thallium

Vanadium

Ztnc

Common Ranges

2 - r o
1 - 5 0

100 - 3,000

0.1 - 40

0.01 - 0.7

1 - 1,000

1 - 4 0

2 - 1 0 0

2 - 2 W

20 - 3,000

0.01 - 0.3

0.02 - 5

5 - 5 0 0

0 . t - 2

0.01 - 5

50 - 1,000

NA

20 - 500

10 - 300

Average
Concentrations

NA

5

430

6

0.06

100

8

30

10

600

0.03

2

40

0.3

0.05

200

NA

100

50

b
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Source: U.S. Environmental Protection Agency, 1983, SW-874.

4.2 Physical hoperties Testing

After the optimal mix design is determined, asphaltic concrete pellet specimens are produced
in the laboratory and subjected to physical testing to determine whether the asphaltic concrete will
meet paving standards. The physical properties test most commonly used is the Hveem Method
(ASTM D 1560-81). Data collected according to the Hveem Method include (1) bitumen or asphalt
content, (2) stabilimeter value, (3) cohesiometer value, (4) test temperature, (5) density of asphalt-
treated grit mixture, and (6) air voids ratio.

The Hveem Method or something very similar is currently adopted by most state highway
departrnents and involves two principal tests. The first test, the stabilimeter test, is a type of triaxial
test that determines the resistance to deformation of compacted asphalt mixtures by measuring the
lateral pressure developed when applying a vertical load using the Hveem stabilimeter. The second
test, the cohesiometer test, determines the cohesion of the compacted asphalt mixtures by measuring
the force required to break or bend the sample as a cantilever beam using the Hveem cohesiometer.
Other information obtained from the cohesiometer test are the density and air void properties of the
asphalt-treated grit mixture.

4-2



I

h
The physical properties requirements for asphaltic concrete for paving projects will vary

according to the state, type of paving project, and the traffic load or maximum weight load that the
pavement is expected to incur. Although the mix design specifications will be highly project-specific,
typical test limit criteria are :rs follows:

o Hveem stabilimeter value of 35 for medium traffic applications
o minimum cohesiometer value of 50
o maximum swell value of 0.030 inch
. percent voids range of 4 to 8%.

4.3 Metals Analysis of the Asphalt Test Specimens

As described in Section 3.3, certain states (California being the example cited) have defined
limits on the metals content of the asphaltic concrete product and/or have specifications requiring a
certain degree of reduction in the leachable metals content of the asphaltic concrete due to immobili-
zation by binder ingredients. Using the U.S. Navy's ABM-to-asphalt recycling project at Hunters
Point Annex (HPA), California, and the metal Pb as an example, Table 4-2 shows how to determine
compliance with STLC criteria in the asphalt product after subtracting out the effect of dilution. The
average WET (leachable) Pb con-
tent of the spent ABM was 19 mg/L
compared to an STLC of 5 mg/L.
Therefore, the asphalt binder ingre-
dients would need to immobilize the
Pb by a factor of about four to
bring the WET Pb content of the
spent ABM in the asphaltic concrete
to below 5 mg/L. Based on core
samples of asphalt test strips laid at
HPA, the average WET Pb content
of the ABM-containing asphaltic
concrete was 0.13 mglL, versus
0.07 mg/L for control asphaltic
concrete specimens containing the
same aggregate and oil contents,
but no ABM, thus indicating a
WET Pb content of 0.06 mg/L
attributable to the ABM component
of the asphalt. Asphaltic concrete
was 5.0%, indicating a dilution fac-
tor of 20 which, when multiplied by the background-corrected WET Pb content of the asphaltic con-
crete, yields 1.2 mglL Pb. This value is well below the STLC criterion of 5 mg/L, thus indicating
compliance with the criterion and an immobilization factor of slightly greater than 15.
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Table 4-2. Calculations for Pb in Asphalt Test Strips
Containing Hunters Point ABM

Mean Total Pb Content of Spent ABM 204 mg/kg

Mean WET Pb Content of Spent ABM 19 mglL

A) WET Pb Content of Asphalt Test Samples 0.13 mg/L
(average of 4 values)

B) WET Pb Content of Control Asphalt Test O.O7 mglL
Samples (average of 4 values)

C) Background-Corrected WET Pb Content 0.06 mg/L
of Asphalt Test Samples (A - B)

D) Dilution Factor - Untreated Test Strips 20(ol

E) Dilution-Corrected WET Pb Content of 1.2 mglL
Asphalt Test Samples (C x D)

F) STLC for Pb 5.0 mg/L

(a) ABM content of the asphalt content was 5.0 wt %.
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I 5.0 DEVELOPMENT OF A WORK PLAI\! ^

f
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- 
A work plan, management plan, business plan, or similar written documentation of ther planned ABM-to-asphalt recycling project may be a regulatory requirement. Even if it is not

r required, a succinct and specific work plan is a good management tool for ensuring that all of the

I 
participants understand their responsibilities.

I its duraffie,'ffi ffi:",ll::l,'ff lffiil:l#'Jf,il;i:i',"1#i"rr$',tr-X1ff,"ffi;;;:*''
t project is provided in Table 5-1. Sample text for the Sampling and Analysis Plan, Transportation

Plan, Health and Safety Plan, and QA/QC Plan portions of the Work Plan are provided in Appendices
I A, E, F, and G, respectively.
!

I Table 5-1. Brief Annotated Outline of an Example Work Plan for
f an ABM-to-Asphalt Recycling Project

1.0 INTRODUCTION
. purpose of work plan
o describe site and spent ABM
o overview ofproposed project
r identiff stakeholders and participants
. applicable regulatory requirements and performance objectives

2.0 ABM CHARACTERIZATION (see Appendix A, Example Sampling and Analysis Plan)
2.1 Sampling Plan

2.1.1 Overview
. sampling objectives
o general description of the sampling project

2. 1.2 Statistical design
o randomized statistical approach
. number of samples
o sample locations

2.1.3 Sample collection and preservation
. composite vs. grab samples
o sample preparation, e.g., screening
o chemical additives, refrigeration, etc.
' type of sample containers

2.1.4 Sample handling
o chain ofcustody
r labeling and recordkeeping
o packaging
. storage
o shipping

2.1.5 Sampling equipment and operation
2. 1 . 6 Personnel protective e{uipment and decontamination

2.2 Analysis Plan
o What samples are alialyzed for which parameters
o U.S. EPA method numbers or other procedural documentation

b
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Table 5-1. Brief Annotated Outline of an Example lVork Plan for
an ABM-to-Asphalt Recycling Project (continued)
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3.0

2.3 Sample QA/QC
2.3.1 Rinsate blanks (equipment washes)
2.3.2 [-aboratory quality control

o matrix spike analysis
. matrix spike duplicates
o method blank tests
o holding times

2.3.3 Laboratory certification requirements

MIX DESIGN
3.L Mix Design Optimization
3.2 Test Design

o number of samples/replicates
o bitumen content
. aggregate content, aggregate grade
. ABM content

3.3 Chemical Analyses
. total metals
o soluble metals (TCLP and/or WET)

3.4 Physical Properties Analyses
O HVEEM test
o other physical properties measurements

PLAN FOR ABM USE IN COMMERCIAL PAVING OPERATION
4.1 Site Selection

. hot plant location
o paving location
. permits, variances, or other approvals

4.2 ABM Pretreatment
. screening, if necessary
r dewatering, if necessary

4.3 Transportation to the Hot Plant
. route
o timing

4.4 Storage at the Hot Plant
. labeling, worker notification
r need for containers, liners, tarpaulins, etc.

4.5 Full-Scale Production of ABM-Containing Asphalt
o mix design
r go/no go indicators

4.6 Sampling and Analysis of the ABM-Containing Asphalt
o sampling frequency
. statistical design
o chemical analyses

4.7 Contingency Plans
4.8 Recordkeeping

. rate of ABM recycling
r paving locations
e deviations from work plan

4.0
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Tap-le 5-1. Brief Annotated Outline of an Example Work Plan for
an ABM-to-Asphalt Recycling Project (continued)

I

5.0 TRANSPORTATION PLAN
5.1 Driver ftaining
5.2 Storage at Hot Plant
5.3 Decontamination of Trucks

6.0 HEALTH AND SAFETY PLAN
6.1 Facility Background
6.2 Key Personnel and Responsibilities
6.3 Job Hazard Analysis
6.4 Risk Assessment Summary
6.5 Exposure Monitoring Plan
6.6 Personal Protective Equipnent
6.7 Work Zones and Security Measures
6.8 Decontamination Measures
6.9 General Safe Work Practices
6.10 Sanitation
6.11 Standard Operating hocedures
6.12 Contingency Plans
6. 13 Training Requirements
6.14 Medical Surveillance Program
6.15 Recordkeeping

7.0 QA/QC PLAN
7.1 Roles and Responsibilities
7.2 Sampling Procedures
7.3 Sample Custody
7.4 Calibration
7.5 Analytical Procedures
7.6 Data Reduction and Reporting
7.7 Internal Quality Control Checks
7.8 Performance of System Audits
7.9 Preventative Maintenance
7.10 Procedures to Assess Data

8.0 PROPOSED SCHEDULE AND MILESTONES

5-3
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6.0 CONTRACTING PROCEDIJRES

The recycling contract can consist of either a single contract issued directly to the asphalt
plant or one or more contracts involving both the hot plant and a third party consultant to coordinate
ihe project, oversee sampling, interface with regulatory agencies, and prepare written documentation.
A Siatement of Work is attached (Appendix H) from the U.S. Navy ABM-to-asphalt demonstration at

Hunters Point Annex (HPA) California, which serves as an exirmple of a contract issued to a third
party firm who then subcontracted various elements of the project (chemical analysis, ABM pretreat-

ment, transportation, debris disposal, and asphalt production) to suitably qualified contractors. Note

that this Statement of Work included several tests and analyses specific to the HPA project that would

not necessarily be included in a routine recycling project, namely (1) a roadgrinding operation on test

strips laid at gpe to determine the metals content of dust emissions (Photo 6-I); (2) core sampling of

the same test strips to determine physical and chemical properties (Photo 6-2); (3) a milling operation

on a pile of treatid grit to reduce its particle size for recycling; (4) air monitoring during grit screen-
ing and milling (Photo 6-3); and (5) the preparation of a tebhnology transfer report and slide show to

facilitate future ABM-to-asphalt recycling proj ects.

I

I

Photo 6-1. Roadgrinding operations being perfomred on a test strip of ABM-containing asphalt.



Photo G2. Core sampling of an asphalt test strip.
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Photo 6-3. Installing air monitoring equipment prior to grit screening operations.
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7.0 cosT

The cost of an ABM-to-asphalt recycling project depends on a number of factors, particularly:

tlppage rate charged by the asphalt plant

distance between the generator and the asphalt plant, which affects
transportation costs

required amount of planning, regulatory interactions, reporting, and program
numagement.

and to a lesser extent:

o analytical fees f<rr chemical and physical analyses (typical unit costs are provided in
Table 7-1)

o grit pretreatment such as screening and debris disposal.

In the simplest case, where planning, reporting, and regulatory interactions may be held to a mini-
mum, the primary cost elements will be transportation and tlppage (see Photo 7-1). Assuming that
there are 1,000 tons of spent ABM at a tippage fee of $20lton and that the hot plant is near the
generator (<20 miles), with associated loading and transportation costs of -$6/ton, then the recy-
cling project could be conducted for - $26lton, rounded upwards to about $35/ton, including chem-
ical analysis and project coordination. However, this is a rather ideal case, and the example of the
HPA project in Table 7-2 is more realistic. The average cost for the HPA project comes to approxi-
mately $140/ton, which despite significant costs for planning, management, and regulatory inter-
actions, is still quite favorable compared to the typical cost range of disposal in a RCRA-permitted
landfill of $300 to $6@ (or more)/ton.

On a per tonnage basis, another important factor affecting cost is the volume of spent ABM to
be recycled. For volumes less than several hundred tons, it probably will be difficult to identify an
asphalt plant that is willing to participate, because the small tlppage fee will not be worth the time
that must be invested in modiffing mix design and project coordination. Larger volumes are clearly
preferred, but not so large as to exceed the asphalt plant's ability to recycle it. Assuming a medium-
size plant produces 1,000 tons of asphaltic concrete per day, 5 days a week, for a 6-month paving
season, and the asphaltic concrete contains an average of 5% by weight spent ABM, then 6,0@ tons
of spent ABM could be recycled in a single paving season. Obviously, this amount can be more or
less depending on the size of the hot plant, the business climate, and the percentage of spent ABM in
the asphaltic concrete.

Some of the cost elements involved in ABM recycling are independent of ABM volume,
whereas others are more or less directly proportional to the amount of ABM to be recycled. For
example, planning, reporting, and project numagement will be relatively independent of ABM vol-
ume. Also, the generator will probably be able to negotiate a lower tlppage fee on a per tonnage
basis with the asphalt plant lf there is large and continuous source of the spent ABM as opposed to a
small one-time opportunity. Therefore, recycling costs generally will decrease on a per tonnage basis
with increasing arnounts of ABM.
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I Table 7-1. Costs of Typical Analytical Tests
Spent ABM and Asphaltic Concrete

1995 costs. May vary considerably among various labora-
tories. Approximate rtnges are given based on quoted prices.
There may be some savings of scale if a large number of
samples are being analyzed,.
Furnace atomic absorption spectroscopy.
Inductively coupled plasma atomic emission spectroscopy.
Cost for analysis performed on TCLP or WET extract.

Following is our estimate of reasonable cost ranges for different amounts of ABM:
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(a)

(b)
(c)
(d)

Amount ABM (tons)
500-1,500

1,500-3,000
3,000-6,000

Estimated Cost of Recycline (per ton)
$r25-l7s
s100-150
$s0-100

Analysis Unit Co#e, $

Phvsical
Sieve analysis
l.os Angeles Rattler test
Hveen stability
Compacted unit weight
Cohesion
As-received unit weight
Swell
Maximum theoretical unit weight
Extraction of bitumen
Gradation of aggregates

Chemical
pH
Oxidation reduction potential
Total organic carbon (TOC)
Oil and grease
Alkalinity
As
Se
Hg
As, Ag, Ba, Cd, Cr, Pb, or Se

Leach Tests
Extraction, TCLP
Extraction, Cal WET
As
Se
Hg
As, Ag, Ba, Cd, Cr, Cu, Pb, Se, or Zn

5s-70
130-140
85-100
20-25
55-65
25-30

100-110
65-75
80-90
90-100

r0-20
75

40-55
l l0-135
2040

30-500)
30-500)
20-25

10-20/each(")

75-100
95-r45

30-50oxd)
30-5ooxd)
20-25G)

10-20/eachc)(o
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Photo 7-1. Translnrtation costs will include the costs of loading and transporting the ABM
material.

Table 74. Principal Cost Elements of the Hunters Point Annex
ABM-to-Asphalt Recycling Project

(a) Approximately 22a per ton per mile plus loading and dust depression.
(b) Approximately $44lton.

I
f

Est. Cost ($K)

Sampling and analysis - Spent ABM
Screening and milling
Hazardous debris disposal (40 tons)
Transportation to the hot plant, including loading and dust suppression(")
Trppage - hot plan$)
Sampling and analysis - ABM-containing asphalt
Permits and variances, planning, meetings, reporting, project management
Total = $139/ton for 3.200 tons

20
25
t2

130
r42
15

100
446
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8.0 ADVANTAGES AI\D DISADVANTAGES OF RECYCLING
SPENT ABM INTO ASPHALTIC CONCREIE

Asphaltic concrete recycling can be an effective and relatively inexpensive (compared to treat-
ment and/or disposal) option for managing hazardous spent ABM, as long as there is a well thought-
out plan for the recycling operation and the project is conducted in full compliance with relevant
regulations, codes, and/or policies. There is a fairly extensive track record for the ABM-to-asphalt
recycling option, including a considerable number of projects in California (e.g., the two performed
by the U.S. Navy discussed in this report), and several projects in states including Maine, North
Carolina, and Ohio. The process also has elicited interest from the U.S. Department of Defense and
state departments of transportation or highways in numerous states. The following is a brief discus-
sion of advantages, disadvantages, and several cautions pertaining to recycling.

1 .

8.1 Advantages

The cost of recycling spent ABM into asphaltic concrete is much lower than the cost of
disposal (see Section 7.0).

The recycling and reuse option is higher in the hierarchy of hazardous waste management
than disposal with or without treatment options (Figure 1-1). Furthermore, waste minimi-
zation credit may be given to the generator of the spent ABM because the spent ABM is
not manifested as hazardous waste when it is transported to the asphalt plant for recycling.

The recycling option does not consume valuable landfill space, which can be reserved for
higher-level hazardous wastes. Most spent ABM contains relatively low metal concentra-
tions and poses negligible risk.

E.2 Disadvantages

If the spent ABM is hazardous, the material needs to be handled as a hazardous material
(although not as a hazardous waste) and must comply with cognizant transportation, stor-
age, handling, and reporting regulations. Also, regulatory requirements must be satisfied
or a permit or variance may be required.

Different types of spent ABM have varying particle sizes and differing capacities to
adhere to the bitumen. Therefore, some bench-scale or laboratory testing and analyses
are recommended to design the optimal mix of ingredients that will yield the highest
stability product.

Certain constituents will interfere with the production of high-quality asphalt. For exam-
ple, high organic content (such as from paint chips and other organic coatings) can reduce
the strength of the asphaltic concrete. A high concentration of sulfate or metallic iron
may cause swelling upon contact with water.

If bench-scale testing is performed to design a mix, it is important that the feeder sand/
aggregate used in the bench-scale tests be the same as that used in the full-scale operation

1 .

2.

3 .

2 .

3 .

4 .
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at the asphalt plant. Otherwise, the bench-scale test will not provide a true representation
of the full-scale process. Feeder sand and aggregate frequently are purchased on the open
market and physical characteristics such as particle size, shape, and density can vary sig-
nificantly from batch to batch.

8.3 Cautions

Finally, the following list of cautions is offered for anyone who may be considering an ABM
recycling option who has not had prior experience with it:

1. Soluble and total metal concentrations in the ABM form the basis for whether it will be
classified as hazardous, nonhazardous, or special waste. Know your relevant hazardous
waste classification definitions, and be aware that certain virgin ABM materials such as
metal slag possess elevated metals concentrations from the slagging process. Also,
organic priority pollutants, asbestos, tributyltin, radionuclides, and/or other high-hazard
substances should not be present.

2. Extremely fine-grained spent abrasive may mix poorly and/or adds little to the structural
integrity ofthe asphaltic concrete. Steel grit should not be recycled into asphaltic con-
crete because it may expand and lead to cracking upon oxidation.

3. Depending on the region, there may be significant regulatory compliance issues pertaining
to ABM recychng. These should be clearly understood at the onset of the project, and
the participants should make full disclosure of their intent to recycle to both cognizant
regulatory agencies and the clients for the paving projects where the ABM is to be used.

The relative merits of recycling spent ABM as aggregate should be weighed against the
merits of other recycling approaches, prior to the decision to proceed with the aggregate
recycling approach. Certain types of ABM are better candidates for recycling into
Portland cement, bricks, mortar, or concrete, based on factors such as the chemical
composition and particle-size characteristics of the ABM, local demand for certain types
of construction materials, regulatory preferences, and other factors.
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DRAFT REPORT

FOR

SAMPLING AND ANALYTICAL PROCEDURES FOR
SPENT ABRASIVE BLAST MATERIAL

TO

MARE ISLAND NAVAL SHIPYARD

1.0 INTR,ODUCTION

I Mare Island Naval Shipyard performs abrasive blast cleaning of the hulls of Naval
I I

submarines undergoing overhauling. For this operation, the Shipyard usually uses a copper slag

I abrasive medium. The spent abrasive is collected and stored on-site until sampling is conducted to
" determine the concentration of contaminants in the abrasive.
3 The primary objective of this sampling plan is to provide a written document which-.

details the individual tasts and indicates how these tasks will be performed in order to properly

sample spent abrasive at Mare Island Naval Shipyard. A brief overview of the project scope will first

be presented, followed by the sanrpling program, statistical analyses, and methods for sample

: collection. This plan is intended to apply to the existing accumulation of spent abrasive south of
f t
r Building A2l5 as well as generically to future accumulations of spent abrasive.
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2.0 PROJECT SCOPE

The existing spent abrasive consists of three accumulated piles of material situated on

pavement in an approximately rectangular shape (Figure 2-l). Approximate estimates of the

dimensions of the piles are: Pile l: 43 ft by 27 ft and 2 ft deep; Pile 2:53 ft by 38 ft and 2 to 2.5 ft

deep; and Pile 3: 53 ft by 20 ft3 ft deep.

A preliminary sampling of the spent abrasive was conducted by Battelle to obtain an

estimate of the number of contaminants of concern as well as the concentrations. In addition,

previous sampling by Mare Island Naval Shipyard staff of other spent abrasive which had been

collected in rolloff boxes and stored in the parking area south of Building A 215 was analyzed in

order to obtain a better estimate of the contaminants likely to be found in the piles. Copper and lead

were the primary contaminants from both sampling surveys. Average concenffations of copper and

lead from the rolloffboxes and piles are shown in Tables 2-1,2-2, md2-3. These preliminary

measurements of the metal concentrations were used to design the sampling program.

The spent abrasive tends to be fairly uniform in consistency throughout, but possible

variations in metal concentrations require that samples be collected at varying locations, both spatially

and as a function of depth. Specific details of the sampling desrgn are discussed in the following

section.
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TABLE 2.1. SUMMARY OF COPPER AND LEAD LEVELS IN ROLLOFF BO)GS

,t
I
I
I
I
I

Results by Analytical Methods

Regulatory Threshold (mg/L)

Mean (mg/L)r

Coeffrcient of Variation

Regulatory Thre.shold (mg/kg)

Mean (mgftg)r

Coefficient of Variation

25

35

0.97

2500

3240

0.33

5.0

2.2

0.43

1000

28

0.40

Samples which contained nondetectable concentrations were used in calculations as
the mean befween 0 and the detection limit.
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TABLE 2-2. SUMMARY OF COPPER LEVELS rN MARE TSLAND WASTE PrLES

I 

Resuls by Analytical Mettrods Pile #

2 3

- STLC
- r./ Regulatory Threshold (mg/L) 25

Mean (mg/L)t 45 79 31

Coefficient of Variation 0.33 0.91 0.85

r TTLC

f Regulatory Threshold (mg/kg) 25W

I Mean (mg/kg)t 2550 3080 2ffi
I

Coefficient of Variation 0.14 0.27 0.11

I 

I - Average of four samples.
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TABLE 2-3. SUMMARY OF LEAD LEVELS IN MARE ISLAND WASTE PILES

Resuls by Analytical Methods Pile #

2

t
I

r:
I
I
t
I
I
I
I

I
l
I
I
i
t
I
Itf

2.0

0.26

58

0 . 1 1

2.4

0.33

&

0.05

5.0

3.0

0.23

Regulatory Threshold (mg/L)

Mean (mg/L)t

Coefficient of Variation

Regulatory Threshold (mgftg)

Mean (mgftg)t

Coefficient of Variation

1000

6

0.2t

Average of four samples.
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3.0 SAII{PLING PROGRAM

The sampling desrgn will be of a random grid layout. Piles I and 3 will be gridded

into equal surface areas by marking a coordinate every 3 ft, both horizontally and laterally. Due to

the variation in size between piles, this will re.sult in approximately 130 grids for Pile I and

approximately 120 grids for Pile 3. Each grid will have a surface area of 9 square ft. Pile 2 will be

gridded into equd surface areas by marking a coordinate every 4 ft, both horizontally and laterally.

This will result in approximately 125 grids. Each grid will have a surface area of 16 square ft. The

grid areas will be numbered consecutively so that sarrple locations may be referenced.

Six different samples will be collected along with trn'o blind replicates for each pile.

Location of the sampling points will be selected for each of the sampling locations from a random

number table (see Section 5.2.3).

Trained technicians will be required to collect samples of abrasive from the piles

using the techniques described in Sections 5.0 through 10.0. Composite samples will be collected

from each randomly selected grid. Composite sampling will consist of collecting five subsamples

from each of two different depths in the randomly selected grid for a total of ten subsamples. The

depths will be 0.5 ft from the surface of the pile and approximately 0.5 ft from the pavement.

Subsamples will be collected from four corners of the grid in addition to one subsarrple from the

center. The subsamples will then be composited in a tray and mixed using a stainless steel or Teflon

spoon. The composited sample will be split and placed into trro or three precleaned polyethylene

bottles for analysis as follows:

5fi) cc from all sampling points. These samples will be sent to the primary
analytical laboratory.

1000 cc from all sampling points. These samples will be archived in the event
that additional analyses are required.

500 cc from 1 out of 10 sampling points. These samplas will be sent to a
separate analytical laboratory to verify results from the primary laboratory.

This tlpe of sarrpling versus a single grab sample will provide a better estimate of the

mean concentration of the contaminants within the sampling grid and, correspondingly, a better

estimate of the mean concentration of the contaminants in the waste pile.
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4.0 ANALY$S PROGRAM

One sample from each pile will be analyzed for the seventeen California Assessment

Manual (CAM) metals plus Cr (VI). Total metal concentration is to be compared to California Total

Threshold Limit Concentrations (tTLCs) for the sevent@n metals plus Cr (VI) using appropriate

methods as found in 'Test Methods for Evaluating Solid Waste, Physical/Chemical Methods', SW-

846, 3rd Edition. The remaining samples need be analyzed for only total copper and lead since

previous testing has shown these to be the major metals. The spent abrasive will be analyzed for

soluble metals using the following trro methods:

The Toxicity Characteristic Leaching Procedure CICLP) will be carried out on 1
out of 5 samples in future sampling progranu to ensure the spent abrasive is not a
RCRA waste. The waste piles which :ue now undergoing analyses have already
been tested by this method.

Soluble metal concentrations using the California TitleZ? Waste Extraction Test
(W.ET), to be comFared with the California Soluble Threshold Limit
Concentrations (STLCs) standards for these metals.

The total metal analyses (all 17 metals plus Cr(VI)) are conducted first and are

conducted to determine major metals for subsequent analysis. A major metal is one whose total

concentration is ten times above the STLC for that metal. Then all the remaining sanrples are

analyzed for total metals content for just the major metals. Finally, any sample whose total metal

concenffation is ) ten times its STLC should be analyzed by the WET to determine any STLC

exceedances. The approach to analysis described in this paragraph is relatively simple, quick, and

cost-effective.

It is important to inform the analytical laboratory to use as large a sample volume as

possible for analyses in order to obtain the most accurate representation of the metal concentrations in

each sample. A minimum of 100 g of sample should be used for the WET and a minimum of 5 g of

sample should be used for acid digestion.

The analyticd laboratory should meet the following quallty control and qualrty

assurance standards:

o The minimum acceptable detection limit is 100 times lower than TTLCs for total
metals analysis and 10 times lower than STLCs for WET analysis.
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o Results from spike analyses should be provided to demonstrate the accuracy and
reproducibility of laboratory methods. An error of ! 20% is acceptable.

Also, in future saurpling programs we recommend that approximately one out of ten samples be

analyzed for total metal concentrations of all 17 CAM metals plus Cr(VI). It is not necessary or cost-

effective to analyze every sample for dl 17 metals. However, a representative fraction of the samples

used to be completely chuadeized in order to determine the major metals present.

Additional details on the statisticd dsrgn of the sampling program are provided in

Section 5.0. Sarrpling equipment and operation, sample collection and preservation, personal

protective equipment and decontamination, and qualrty assurance and qualrty control are discussed in

the Sections 6.0 through 10.0.

t
I
I
I
I
I

l
I
I
I

I



10

5.0 STATISTICAL DESIGN

An overview of the sampling effort will be discussed fust followed by details on each

aspect of the sampling desrgn. The overview is intended to provide a general understanding of how

the spent abrasive will be sampled. The details which follow the overview will include information

on how the number of samples and grid sizes were selected, as well as detailing the method for

selection of the grids and the sampling method within a grid.

5.1 Overview

Each waste pile will first be suMivided into either 3 ft by 3 ft gdds @iles I and 3) or

4 ft by 4 ft grids (Pile 2). Random sampling will then be used to select six grids for sampling.

Within each of these grids, ten samples will be taken and composited, five samples from each of two

levels.

The key elements which must be defined for this type of sampling desrgn include: 1)

the number of samples; 2) the grids (spatial area) to be sampld; 3) the selection of the grids; 4) the

sampling method within a grid; and 5) the estimators used to characterize the population.

5.2 Approach

5.2.1 NI]MBER OF SAMPLES PER PILE OF ABRASIVE

Factors affecting the number of samples which should be collected are the

homogeneity of the contaminant in the spent abrasive, the desired confidence interval, and the cost

per sample. Based on previous sampling at the Mare Island Naval Shipyard (fables 2-l - 2-3), an

estimate of the number of samples which would provide statistical confidence in the results may be

d*ermined.

In order to provide a basis for the determination of the number of samples to acquire

per pile, a table was generated which compares the coeffrcient of variation of a sample set (standard

deviation/mean) versus K, which is a ratio of the mean of the sample set to the regulatory threshold

(fable 5-1). In order to generate this table, the sample mean, standard deviation, and sample size are

related to determine an upper bound, Tu, which represents the highast value for the

{
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TABLE 5-1. SAMPLE SIzEr REQUIRED TO DEMONSTRATE COMPLTANCE WTrH
REGULATORY THRESHOLD ED AS A FUNCTTON OF
ANTICIPATED AYERAGE CONTAMINATION LEVEL (X)
AND COEFFICIENT OF VARIATION

cv
K = lfl)XIRT

50 907010

0.1

0.5

0.9

1.3

L.7

2.0

0 .1

0.5

0.9

1.3

1.7

2.0

0 .1

0.5

0.9

1.3

1,7

2.0

80% CONFIDENCE LEVEL

1 1

1 l

1 1

t 2

t 2

1 3

90% CONFIDENCE LEVEL

I

I

I

2

2

2 6

95% CONFIDENCE LEVEL

l l

l 2

2 4

3 6

3 8

4 1 0

I

I

3

4

5

1

2

4

6

8

9

I

3

8

13

18

2T

I

5

13

22

29

35

1

l5

38

63

87

103

2

34

108

t47

2A

239

3

55

t45

242

332

393

I
l
I
t
I
l
I
1r
I

These sample sizes correspond to a satistical power of 50% at a contamination level
x, and were calculated assuming a lognormal probability distribution for the metal
concentratioN, along with assumptions that the standard deviation of the
measurements is known, and that spatial correlation effects are not important.
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concentration that is plausible based on the samples taken. If T,, is found to be below the regulatory

threshold, then it is decided that the true average concenEation is also below that threshold. From an

environmental point of view, the use of T,r is probably most defensible because it requires that an

area be demonstrated free of contaminants at the regulated levels.

T., is calculated from the statistical formula shown below:

hgu) = ,tt+gr (5.1)

where m is the mean of the log-transformed metal concentrations:

{

o  * o '
2

r = D'r t(t)
n

(s.2)

t
I
I
Iwhere: t(\) = the log-transformed metal concentrations

n = sample number

gl-o = the (1-c) percentile point of the standard normal distribution

o = the standard deviation of the log-transformed metal concentrations

The sample sizes shown in Table 5-1 have been generated by assuming an average

metal concentration (x), a standard deviation (o), and a desired T., to give a range of CVs (o/x) and

IG (l(X)r/RT). In order to use Table 5-1, it is necessary to either assume an expected x and CV or a

small preliminary group of samples should be taken to provide an estimate of x and the CV. These

values can then be used to select an appropriate sample size. The mean and standard deviation of the

sample set may be calculated in the standard method as shown. The mean of a sarrple set may be

calculated as follows:

(5.3)D,',
n

r =

JJ
I
t
t
I
I
t
I

t
The standard deviation of the sample set may be calculated as follows:
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(s.4)

The coefficient of variation (CV) is simply the ratio of the sarrple standard deviation

to the sample mean:

C V = (5.5)

From Table 5-1, one can see that as the K vdue increases or the coefifrcient of

variation increases, a greater number of samples are required to demonstrate compliance. In other

words, as the expected sanple mean approaches the regulatory threshold, it will require many more

samples to demonstrate that the actual metal concentration in the waste is below the threshold.

As shown by the preliminary sampling (tables 2-l - 2-3), the re.sults demonsrated

that most of the spent abrasive in the piles contains copper concentrations above the regulatory

thresholds for both soluble and total metals content, although a high coefficient of variance was often

found with these results. Theoretically, additional sampling of any pile of abrasive might result in

finding the metal concentrations to be below the regulatory limits (although this is not recommended

for these particular piles because the soluble copper content is too high); however, one must balance

the cost of sanpling with the likelihood of being able to dispose of the abrasive as nonhazardous.

Althougb the calculations in Table 5-1 show that in some qNes one sample would be

sufEcient to demonstrate compliance, this would be diffrcult to justify from a regulatory perspective.

From a statistical standpoint, a minimum of six samples per pile (where a pile is equal to 300 yd3 or

less) would prwide relatively good confidence in the calculated average metal concentration. The

number of samples required if, for example, the average metd concenEation is expected to be close

to the regulatory threshold and the coefficient of variation is high, can be as high as 390 samples,

which would clearly be economically unfeasible. Therefore, it is recommended that six samples per

pile be taken to determine the average metal concentration. If waste piles generated in the future are

significantly larger than those now in question, sample size should increase proportionally.
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5.2.2 GRID STZE

The grid size selected was based upon the area required to collect the samples and a
onrle of thumb' that for a sample of size n, there should be 20 x n grids. There are six sarrplas to

be taken ftom each pile, therefore, 120 grids would be adequate. This number of grids indicates a

grid size of 3 ft by 3 ft would be appropriate for Piles I and 3 (generating approximately 130 and 120

gnds, respectively), while a grid size of 4 ft by 4 ft would be appropriate for Prle 2 (generating

approximately 125 grids).

For sampling of other piles, the following steps may be followed:

Determine the number of samples to be taken as discussed in the previous section.

Multiply the number of samples, n, by 20 to determine the number of grids
required per strata.

Based upon the dimensions of the pile, determine the size of the grids required.
For example, to take 5 samples from a pile with dimensions of ,10 ft by 50 ft
would require 100 grids. Selecting a grid size of 4.5 ft by 4.5 ft would yield
approximately 100 grids.

5.2.3 SELECTION OF GRIDS

Grid areas should be numbered consecutively. Selection of the grids for sampling will

be done randomly. In order to select the grids, use the set of random numbers shown in Table 5-2.

Select the first, middle, or last three digits from each five{igit number, but decide which digits will

be selected prior to beginning. Choose any number randomly in the table as a starting point. From

this number, go down the column, then to the top of the next column on the right, until six numbers

have been selected with no repetitions. If a number is selected for which there is no grid, select the

next consecutive random number. For exarrple, if we choose to select the middle three digits from

the five{igit number and we begin in the seventh column, proceeding down column 7 would give us

the numbers 46, 119, 75, 22,95 and 130. The grids corresponding to these numbers would then be

selected for sampling.

{
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TABLE 5.2. RANDOM NUMBERS TABLE'

I
-
r

_r
l
I

t
t
T
I
I
I
b
t
I
I
l
I
I
l
f
I

L ine /Co l .  ( l ) (2)

1 t0480 t5o1l 01536 02011 81647 91646 69179 14194 62590 36207 20969 99570 91291 90700

2 22368 455?3 25595 85393 30995 89198 27982 53402 93965 34095 52666 19174 39615 99505

3 24130 48360 22527 97265 76393 64809 151?9 24830 49340 32081 30680 19655 63348 58629

4 42167 93093 06243 61680 07856 16376 39rt40 53537 71:|41 57004 00849 74917 97758 16379

5 37570 39975 8183? 16656 06121 91782 60468 81305 49684 60672 14110 06927 01253 54513

77921 $S07 11008 42151 27756 53498 18602 70659 90655 15053 21916 81825 tl4l94 42880

99562 72905 56420 69994 98872 31016 71194 18738 44013 48&10 63213 21069 1$34 12952

96301 91977 05463 Vtg72 18876 mg22 94595 56869 69014 60045 18425 84903 42508 32307

895?9 14942 63661 10281 1745! 18103 577/O 8437S 25331 12566 58678 44947 05585 56941

85475 36857 53:H2 53988 53060 59533 38867 62300 08158 r798:t 16439 11458 t8593 64952

11 28918 69578 88231 33276 7099? 79936 56865 05859 90106 31595 01547 85590 91610 78188

12 63553 rto961 48235 A!rl27 49626 69445 18663 72595 52180 20f/7 12234 90511 33703 90322

13 09429 93969 52636 92737 88974 33/88 36320 17617 30015 08272 84'115 27156 30613 74952

t4 10365 61129 87529 85689 4f/291 52267 67689 93394 0l5tl 26358 85104 20285 29975 89868

t5 07119 97336 ?1048 08178 77239 13916 4?564 81056 97735 85977 29572 7M61 28551 90707

16 51085 12765 51821 51259 77452 16308 60756 9214p 49dr',2 53900 70960 63990 75601 ll0719

17 02368 21382 52404 60268 89368 19885 55322 44813 01188 65255 64835 44919 05944 55157

18 0loll 54092 33362 94904 91279 04146 18594 29852 71585 85030 51132 01915 92747 64951

t9 52162 53916 /16369 58586 23216 14513 83149 98736 2:t495 64350 94738 17752 35156 35749

20 07056 97628 33787 09998 42698 06691 76988 13602 51851 46104 88916 19509 2562s 58104

18663 91245 85828 14346 09172 30168 90229 (X734 59193 22178 30421 61666 99904 32812

54164 58492 22421 74103 47070 25306 ?6468 26384 58151 066116 21524 15227 9S909 44592

32639 32363 05597 24200 13363 38m5 94342 28728 35806 06912 17012 64161 18296 22851

29334 27001 87637 8?308 58731 00256 458:!4 15398 46557 41135 10367 07684 36188 18510

02488 33062 28834 07351 19731 92420 60952 61280 50001 67658 32586 86679 -50720 94953

I Ott, L. 1984 An Introduction to Statistical Methods and Data Analysis,
Second Edition, Duxbury Press, Boston

{ 14 }(13)( r2)( 1 1 )(10)(s)(8)(7){6)(s)(4)(3)
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5.2.4 SAMPLING METIIOD WTITTIN A GRID

Spatial composite sampling will be used to chuacre{we the abrasive within a grid.

Five subsa6ples will be taken within each grid from the corners of the grid and the center at a depth

of 0.5 ft from the surface. An additional five subsamples will be taken in the same manner from a

depth of 0.5 ft from the pavement. These ten subsarples will then be composited via mixing in a

lined container into a homogenous sample for the various analyses.
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6.0 sNf,rPLrNG EQIITPMENT AND OPERATION

The following pieces of equipment will be used to perform sampling of spent abrasive

f placed in roll-offbins, piles, and the rinsate water. The two main requirements for the sampling

equipment are:
t -

I
I 

o The tool must not contribute any chemical contamination to the sample, and

r
I o The tool must be capable of collecting a re,presentative sample.

-

r Stainless steel equipment is generally the most durable and is often used for sampling

sludge, sediments, and soils. The following paragraphs below discuss the pieces of sampling
I
I equipment which are reoornmended for use in sampling the spent abrasive and the rinsate water

resulting from decontamination.

I

6.r Dipper

A dipper consists of stainless steel, glass, or Teflon beaker constructed with or

f elamped to the end of a handle (Frgure Gl). Dippers are used for sampling tanls, bins, outfalls, and
I- 

discharge. The following precautions should be observed:

o d stainless steel dipper should have a riveted handle not a soldered handle,
because metals from the solder could leach into and contaminate the sarrple.

o Use only Teflon, stainless steel, or glass to sample materials containing organic
materials.

o When using a beaker clamped to a pole, the handle and clamp should be painted
with a 2-put epoxy or other chemically-inert paint when sampling either alkaline
or acidic materials.
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necessary reach

FIGURE 6-I. SCHEMATIC DIAGRAM OF DIPPER
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Procedures for Use:

Decontaminate the dipper, clamp, and handle (see Section 6.2).

In tanks, turn the drpper so the mouth of the drpper faces down and insert it into
the waste material. Turn dipper right side up when drpper is at desired depth.
Allow drpper to fill completely as shown by the cessation of air bubbles. When
sampling drums, submerge the dipper to the desired depth, allow the beaker to
fill.

Raise dipper and pour the sample material into an appropriate container.

Decontaminate the dipper.

6.2 Stainless Steel Spoon or Scoop

A stainless steel spoon or scoop is the simplest, most direct method for collecting soil

samples. In general, the procedure is used 16 gample the first three inches of surface soil. However,

samples from greater depths and samples of sludges, sediments and bulk samples may dso employ

this technique in some situations.

Procedures for use:

Collect and composite samples from the top three inches of soil.

Mix the samples in a lined container, then deposit in the appropriate container.

Wipe sample containers clean of surface contamination.

Place in individual plastic bags in an insulated ice chest with freezer pacts if
refrigeration is necessary.

63 Glass l|lbe firief

A hollow glass tube is a simple tool which is used to sample liquids from drums

(Ftgure G2). T\e advantages of using a glass tube thief include inexpensive cost, ease of disposal, its

availability in variable lengths, and capability to sample a vertical column of waste. The tool consists
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FIGURE 6-2. SCHEMATIC DIAGRAM OF GLASS TUBE THIEF
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of a glass tube, tlryically b*ween 8 and 16 mm in diameter. This device will be used to sample the

drums containing rinsate from the decontamination of the dipper.

Procedures for use:

Decontaminate the glass tube (see Section 6.2)

Slowly insert the tube into the waste container. This should be done at a rate
which permits the level of the liquid inside and outside the sampler to remain the
same. If the level of waste in the sarrpler tube is lower inside than outside, the
sampling rate is too fast and may yield a non-representative sample.

When Ore tube contacts the bottom of the waste container, place a rubber stopper
or attach a squeeze bulb over the exposed end of the sarpling tube. The use of a
squeeze bulb improves the ability of a glass tube to retain very viscous fluids
during sampling. It is important that none of the fluid comes in contact with the
rubber squeeze bulb. Ifusing your thumb, ensure your hands are protected by
gloves which are resistant to the chemicals sampled. With the end of the tube
plugged, slowly draw the tube from the waste container. In order to enable the
sampler to retain the fluid in the glass tube, the glass tube may be withdrawn at
an angle such that the thumb may be kept over the end of the glass tube.

Place the end of the glass tube in the sample container and remove plug from the
end of the tube.

Repeat steps 2 through 5 until the required amount of sample has been collected.

Place the contarninated glass tube in a plastic storage tube for subsequent
cleaning, as described in Section 6.2. If used to sample a drum of waste, the
glass tube may be disposed in the drum prop to resealing the bung. Notch the
glass with a steel file to avoid shattering the glass when breaking long pieces.

6.4 Auger and lhin-Wall Tube Sampler

The system consists of an auger bit, a series of drill rods, a "I' handle, and a thin-

wall corer (Ftgure G3). The auger bit is used to bore a hole to the de"sired sarrpling depth and is

then withdrawn. The auger tip is replaced with the tube corer, lowered down the borehole, and

forced into the soil at the completion depth. The corer is then withdrawn and the sample collected.

Alternatively, the sarrple may be recovered directly from the auger. This technique

however, does not provide an'undisturbed" sarrple as would be collected with a thin-tube sampler.
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FIGURE 6-3. SCHEMATIC DIAGRAM OF AUGERS AND THIN-WALL TUBE SAMPLER
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When the soil is rocky, it may not be possible to force a thin-tube sampler through the soil or sample

recovery may be poor. Sampling directly form the auger may be the only viable m*hod. Several

auger g/pes are available: bucket t5pe, continuous-flight (screw), and posthole augers. Buck* tlpes

are good for direct sample recovery, are fast, and provide a large volume of sample. When

continuous flight (screw) augers are used, the sample may be collected directly off the flights,

however, this technique will provide a somewhat unrepresentative sample as the exact sample depth

will not be known. The continuous-flight augers are satisfactory for use when a composite of the

entire soil column is desired. Posthole augers have limited utility for sample acquisition as they are

designed more for their ability to cut through fibrous, heavily rooted, swampy areas. In soils where

the borehole will not remain open when the tool is removed, a temporary casing may be used until

the desired sanpling depth is reached.

Procedures for use:

1 . Attach the auger bit to a drill rod extension and anach the'T" handle to the drill
rod.

Clear the area to be sampled of any surface debris (twigs, rocks, litter). It may
be advisable to remove the first 8 to 15 cm of surface soil from a 30-cm diameter
area around the drilling location.

Begin drilling, periodically removing accumulated soils. This prevents
accidentally brushing loose material back down the borehole when removing the
auger or adding drill rods.

After reaching desired depth, slowly and carefully remove auger ftom boring.
(Note: When sampling directly from auger, collect sample after auger is removed
from boring and proceed to Step 10).

Remove auger top from drill rods and replace with a precleaned thin-wall tube
sampler. Install proper cutting tip.

Carefully lower corer down boretrole. Gradually force corer into soil. Take care
to avoid scraping the borehole sides. Do not hammer the drill rods to facilitate
coring as the vibrations may cause the boring walls to collapse.

Remove corer and unscrew drill rods.

Remove cutting tip and remove core from device.

2.

3.

4.

5.

7.

8 .
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9. Discard top of core (approximately 2.5 cm) which represents material collected by
the core before penetrating the layer in question. Place remaining core into
sample container.

10. Verify that a Teflon liner is in the cap if required. Secure the cap tightly.

11. Label the sample bode with the appropriate sample tag. Label the tag carefully
and clearly, addressing all the categories or parameters. Complete all chainof-
custody documents and record in the field logbook.
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7.0 SAIUPLE COLLECTION AND PRESERVATION

7.1 Sample Collection

The following procedures will be followed for sampling spent abrasive from waste

Identiff the specific pile which will be sampled.

Constnrct the sarpling grid as described in Section 5.2.3.

Go to the random numbers table (Iable 5-2) and select six numbers. Each
number represents the grid unit which will be sampled.

Use the appropriate instrument to obtain the sample of spent abrasive. Follow the
recommended procedures for use as stated in Section 6.0.

Collect a composite sample from each randomly selected grid. Composite
sampling will consist of collecting five subsamples at two different depths (0.5 ft
from the surface and 0.5 ft from the pavement) from each corner of the randomly
selected grid in addition to one sample from the center for a total of 10
subsamples. The subsamples will then be composited in a tray and mixed using a
stainless steel or Teflon spoon. The composited sample will be placed in
precleaned polyahylene bottles for analysis.

From each sampling point, split the composite sanrple into a 500 cc subsample for
the analytical laboratory and a 1000 cc subsarrple to archive. From 1 out of l0
sampling points, reserve 500 cc of the composite sample to send to a separate
andyticd laboratory. No preservation is required for the spent abrasive samples.
Rinsate blants must be preserved with a solution of nitric acid. This can be
provided in the sample jar by the andytical laboratory. Holding time for the
samples is 6 months, unless sampling for mercury which has a holding time of 28
days.

The collection of the sample does not require filling the sample jar in any special
manner.

Discard the outer latex gloves after each sample into an appropriate container and
then replace them for the next sampling event.

For the rinsate blank (which will be required once for every twenty samples of
spent abrasive), simply run deionized water over the sampling instrument after it
has been decontaurinated.
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10. The sampler must pay attention while filling the sample bottle for the rinsate
blank due to the fact that the sample bottle will have a preservative dready in it.
If the bottle were to be overfilled during collection, some of the preservative
would be lost resulting in insufficient preservative remaining in the boale and an
inaccurate analysis.

7.2 Sample Preservation

No preservatives will be required for the sampling of the spent abrasive itself. Only

the rinsate blank (equipment washing) will require a preservative of nitric acid in order to lower the

pH of 6trs sample below 2. The analytical laboratory can provide the sample containers containing the

appropriate quantities of preservative for this. Caution should be exercised when these samples are

collected to prevent accidental exposure by splashing.
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E.0 PERSONAL PROTECTTVE EQIIIPMENT AND DECONTAMTNATION

E.l Personal Protective Equipment

E.1.1 SA1VIPLING

The following personal protective equipment shall be worn during the sampling of the

spent abrasive:

Tyvek suit

Latex gloves (two pairs)

Dust protector

Safety glasses with splash shields (only necessary for when rinsate blanks
(equipment washes) are collected).

E.12 CLEAIYING OPERATIONS (DECONTAMINAUOT9

The following personal protective equipment shall be worn during all cleaning

operations for sampling equipment:

. Safety glasses with splash shields

o Latex gloves (water decontamination)

o Neoprene or nitrile gloves (when using solvents)

. Tyvek or cloth coveralls

E.2 Decontamination

Decontamination (cleaning) of sarrpling devices prior to and after use is required.

Decontamination is important so that material from a previous sampling event does not contaminate

subsequent samples. Decontamination should be performed as follows:



28

o Scrub the sampling tool with a brush in a laboratory-grade detergent (Alconox,
Liquinox, or the equivalent) and tap water solution

o Rinse with water

o Rinse again with deionized water or the equivalent

. If sampling for organic contamination, rinse a final time with pesticide-grade
isopropanol or pesticide-grade acetone or methanol (a minimal amount is
necessary for rinsing and this should be conducted under a fume hood or in the
open, but never in a closed room without adequate ventilation).

r Allow sampling tool to air dty

. Wrap in aluminum foil or other similar protective covering to avoid
contamination before the next use

o No eating, smoking, drinking, chewing, or any hand to mouth contact will be
permitted during cleaning operations.

The following are cleaning procedures for the glass tube thiet

o Wash thoroughly with laboratory detergent and hot water using a brush to remove
any particulate matter or surface film

Rinse thoroughly with hot tap water

Rinse with at least a 10 percent nitric acid solution

Rinse thoroughly with tap water

Rinse thoroughly with deionized water

Rinse twice with solvent and allow to air dry for at least 24 hours

Wrap completely with aluminum foil to prevent contamination during storage

The following are cleaning procedures for stainless steel sampling equipment:

Wash thoroughly with laboratory detergent and water with a brush

Rinse thoroughly with tap water

Rinse thoroughly with deionized water
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If sampling for organic contamination, rinse twice with solvent and allow to air
dry

Wrap completely with aluminum foil

Rinse with tap water after use in the field.

Decontamination wash waters should be collected and containerized separately from

solvent rinses in a 55-gallon drum. Since potentially hazardous wastes are being rinsed from

sampling equipment, the collected rinse waters should be handled and sampled for hazardous

constituents using a glass tube thief prior to disposal. Shop 07 should have a drum staged for the

disposal of rinse waters and one for disposal of solvents. Upon filling the rinse water drum, it should

be sampled for metals to determine if it must be disposed of as a hazardous waste or down the

industrial drain. The contents of the solvent drum may be recycled.

dtaylor
,7I
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9.0 SAMPLE CUSTODY, LABELTNG, PACKAGTNG, AND M

9.1 Sample Custody

The purpose of a sample chain-of-custody is to document the possession of a sample

from the time of collection, through all transfers of custody, until it is delivered to the andytical

laboratory. This requires Orat a form (Frgure 9-1) be filled out in permanent ink and sent along with

the samples to Shop 07. This form will contain the following minimum information:

o Sample number

o Date and time of collection

o Shipyard location

o Waste type

o Sigpature of collector

o Preservation

o Container type

o Analysis request

o Appropriate notations relative to sample integrity and handling practices

o Signature of all persons involved in the chain of possession

o Inclusive dates and times of possession.

9.2 Sample Labeling

A sample label is applied to a sample container before the sample of waste is collected

(Frgure 9-2). The label will be completely filled out with permanent ink. It will contain the

following information :

-
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o Sample number

. Date and hour the sample was taken

o Sampler's initials

o Sampling site

o Tests required, if known

o Preservative used, if any

93 Sample Packaging

I The laboratory will typically provide all sarrple containers, preservatives, and
-
I packagrng for transportation of samples. Proper preparation of sample containers for transport to the

f , 
laboratory is e,ssential to prevent breakage of containers and spillage of potentially hazardous material.

f The following ste,ps will be taken during sample packaging:

r Ensure sanrple container is labeled correctly

o After sampling activities are complete, clean the outer surface of dl sample
containers

o Wrap each glass container with plastic insulating material Oubble wrap) and
enclose in a plastic bag to prevent contact with other sample containers. Plastic
containers also should be placed into bags, however, bubble wrap is not needed.

o Place sample containers in thermally-insulated, rigid ice chests which contain ice
or reusable ice packs if the temperature mnst be held at 4"C. If the sample does
not need to be held at 4oC, an ice chest is not required. However, an ice chest is
a lightweight, rigid, and easily secured container in addition to being thermally
efficient.

o Ensure the chain-of-custody forms are filled out and secure the inside the sample
chests. Packers should retain one copy.
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9.4 Sample lbansportation

Transport samples to the laboratory as soon as possible after collection.
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10.0 sArvrPLE QUALTTY ASST RANCE AND QUALTTY CONTROL

10.1 Rinsate Blsnks @quipment lVashes)

Equipment washes serve as chects of field decontamination procedures. They are

obtained after final wash and decontanination of equipment by pouring reagent-grade water

into/throughlover a decontaminated piece of sanpling equipment. The water is collected in

appropriate sample containers and transported to the laboratory with other samples. The equipment

blanks are analyzed in the same rnanner as the field samples. Equipment blanks should be collected

prior to each sampling event at each sampling site. However, onse good equipment decontamination

technique (equipment blanls are oclean') has been demonstrated, the frequency of equipment wash

samples may be reduced to an occillliond basis. Initially, one rinsate blank (equipment wash) will be

colleeted for every twenty samples taken.

10.2 Laboratory Quality Control and Certilication

Laboratory quallty control procedures are instituted to eruilre the reliability of

analytical data obtained throughout the sampling effort. Procedures include the analysis of laboratory

samples to measure the accuracy and precision of laboratory procedures. A laboratory duplicate

should tpically be analyzed one time in hilenty samples. Any analytical laboratory used should have

culrent certification from the state of California for performing all the necessary chemical analyses.

IO.2.I MATRIX SPIKE ANALYSIS

Matrix spike analyses are performed to assist the accuracy of laboratory methods.

Spiked samples are used to determine if chemical interferences are occurring. One spike analysis per

sample set is generally adequate.
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10.2.2 MATRIX SPIKE DT]PLICAIES

Matrix spike duplicates are used to evaluate the reproducibility of the analytical

procedures. A field sample is analyzd and the results are compared to the original matrix spike

sample test results. In general, this is only necessary for large numbers of samples (> 30).

10.2.3 MEf,IIOD BLANK TESTS

Method blank tests are performed in the laboratory by analyzing distilled, deionized

water for all analytical methods employed by the laboratory. Method blanks are analyzed for each

matrix to verify that laboratory-induced contaminants are identified and distinguished from

environmental conAminants of concern.
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APPENDIX B

State Environmental Regulatory Agencies
and Other Sources of Information on Recycling
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ALABAMA
Alabama Dept of Environmental Management
Land Division
1751 Federal Drive
Montgomery, AL 36130
334-271-7730

ALASKA
Dept. of Environmental Conservation
41O Willoughby Avenue, Suite 105
Juneau,  AK 99801-1795
Program Manager: 907-465-51 50
Northern Regional Office (Fairbanks): 907-451-2360
South-Central Regional Office (Juneau): 907-563-6529
Southeast Regional Office (Juneau): 907-465-5350

ARIZONA
Arizona Dept. of Environmental Quality
Waste Programs Bureau
3033 North Central Avenue
Phoenix, AZ 85012
602-207-2300

ARKANSAS
Dept. of Pollution Control and Ecology
Hazardous Waste Division
P .O .  Box  8913
8OO1 National Drive
Littfe Rock, AR 72219-891 3
501-562-7444

CALIFORNIA
California EPA
Dept. of Toxic Substances Control
4OO P Street, 4th Floor
P.O. Box 806
Sacramento, CA 9581 2-0800
916-322-O504

California EPA
State Water Resources Control Board
Water Resources Control Board
P.O. Box lOO
Sacramento, CA 9581 2-01OO
91 6-657-2390

COLORADO
Public and Environment Dept.
Hazardous Materials and Waste Management Division
43OO Cherry Creek Drive South
Denver, CO 80222
303-692-3300

HAZARDOUS WASTE CONTACTS

CONNECTICUT
Dept. of Environmental Protection
Waste Management Bureau
Waste Engineering and Enforcement Division
79 Elm Street
Hartford, CT 06106
203-424-3023

Connecticut Resource
Recovery Authority
179 Allyn Street, Suite 603
Professional Building
Hartford, CT 06103
203-549-6390

DELAWARE
Dept. of Natural Resources and Environmental Control
Division of Air and Waste Management
Hazardous Waste Office
89 King's Highway
P.O. Box 1041
Dover, DE 'l9903

302-739-3689

DISTRICT OF COLUMBIA
Dept. of Consumer and Regulatory Affairs
Environmental Regulation Administration
Pesticides and Hazardous Waste Management Branch
21OO Martin Luther King Avenue, SE, Suite 203
Washington, DC 2OO2O
202-645-6617

FLORIDA
Environmental Protection Dept.
Waste Management Division
Solid and Hazardous Waste Bureau
39O0 Commonwealth Boulevard
Tallahassee, FL 32399
904-488-O300

GEORGIA
Georgia Dept. of Natural Resources
Environmental Protection Division
Hazardous Waste Management Branch
Floyd Towers East, Suite 1 154
2O5 Butler Street, SE
Atlanta, GA 30334
404-6s6-7802

HAWAII
Dept. of Health
Solid and Hazardous Waste Branch
5 Waterfront Plaza, Suite 25O
919 Ala Moana Boulevard
Honolu lu,  Hl  96813
808-586-4225

B-2



IDAHO MARYLAND
Dept of Health and Welfare Environment Dept.
Division of Environmental Ouality Waste Management Administration
28O North 8th Street 2500 Broening Highway
Boise, lD 83720 Baltimore, MD 21201
208-334-5840 410-631-3304

ILLINOIS MASSACHUSETTS
Energy and Natural Resources Dept. Dept. of Environmental Protection
Solid Waste and Renewable Resources Division Hazardous Waste Division
325 West Adams Street, Room 3OO One Winter Street, 5th Floor
Springfiefd, lL 62704 Boston, MA O21O8
217-785-2800 617-292-5853

INDIANA MICHIGAN
Dept. of Environmental Management Michigan Dept. of Natural Resources
Office of Solid and Hazardous Waste Waste Management Division
10O North Senate Avenue P.O. Box 3O24'l
Indianapolis, lN 46206 Lansing, Ml 48909
317-232-3210 517-373-2730

IOWA MTNNESOTA
Dept. of Natural Resources Pollution Control Agency
Waste Management Assistance Division Hazardous Waste Division
Wallace State Office Building 52O Lafayette Road North
9OO East Grand St. Paul, MN 55155
DesMoines, fA 50319 612-297-8502
51  5 -281 -8975 ' MtsstsstPPl
KANSAS Dept. of Environmental Ouality
Dept. of Health and Environment Division of Solid and Hazardous Waste Management
Bureau of Waste Management P.O. Box 10385
Forbes Field, Building 74O Jackson, MS 39289
Topeka,  KS 66620 601-961-5047
9 1 3 - 2 9 6 - 1 6 1 2

MrssouRl
KENTUCKY Dept. of Natural Resources
Natural Resources and Environmental Protection Cabinet Waste Management Program
Division of Waste Management P.O. Box 176
18 Reil ly Road Jefferson City, MO 65102
Frankfort, KY 40601 314-751-3176
502-564-4245 Missouri Natural Resources Hotline: 800-334-6946

LOUISIANA MONTANA
Dept. of Environmental Quality Dept. of Health and Environmental Sciences
Solid and Hazardous Waste Division Waste Management Division
11720 Airl ine Highway Cogswell Building, Room B 2O1
Baton Rouge, LA 70817 Helena, MT 59620
504-765-0249 406-444-1430

MAINE NEBRASKA
Dept. of Environmental Protection Environmental Quality Dept.
Bureau of Hazardous Materials and Solid Waste Control P.O. Box 98922
State House Station #17 Lincoln, NE 68509
Augusta, ME 04333 402-471-2186
207-289-2651
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NEVADA
Conservation and Natural Resources Dept.
Division of Environmental Protection
Waste Management Program
123 West Nye
Carson Ci ty ,  NV 8971O
702-687-4670

NEW HAMPSHIRE
Dept. of Environmental Services
Waste Management Division
Health and Welfare Building
6 Hazen Drive
Concord, NH O33O1
603-271-3406

NEW JERSEY
Dept. of Environmental Protection and Energy
Solid Waste Management
401 East State Street, CN-423
Trenton, NJ 08625
609-530-8591

NEW MEXICO
Environmental lmprovement Division
Hazardous Waste Bureau
P .O .  Box  2611O
Santa Fe, NM 87502
505-827-2775

NEW YORK
Dept. of Environmental Conservation
Division of Hazardous Substances Regulation
50 Wdf Road, Room 229
Albany,  NY 12233
518-457-6934
SOG Hotline: 8OO-462-6553

NORTH CAROLINA
Dept. of Environmental, Health, and Natural Resources
Hazardous Waste Section
P.O. Box 27687
Rale igh,  NC 27611
919-71 5-4140

NORTH DAKOTA
Dept. of Health
Consolidated Laboratories
Division of Waste Management
P.O. Box 552O
12OO Missouri Avenue, Room 3O2
Bismark, ND 58502
701-328-51 66

oHro
Ohio EPA
Division of Hazardous Waste
P.O. Box 1O49
Columbus,  OH 43216
614-644-29"t7

OKLAHOMA
Environmental Ouality Dept.
Waste Management Division
'l 0OO NE Tenth Street
Oklahoma City, OK 73117
405-271-7041

OREGON
Dept. of Environmental Ouality
Hazardous Waste Division
811 SW Sixth Avenue
Portfand. OR 972O4
503-229-658s

PENNSYLVANIA
Dept. of Environmental Resources
Bureau of Waste Management
Director's Office
P.O. Box 2063
Harr isburg,  PA 17105
717-787-9870

RHODE ISLAND
Dept. of Environmental Management
Division of Air and Hazardous Materials
291 Promenade Street
Providence, Rl 029OB
401-277-4700

SOUTH CAROLINA
Dept. of Health and Environmental Control
Bureau of Solid and Hazardous Waste Management
2600 Bull Street
Columbia, SC 29201
803-734-5202

SOUTH DAKOTA
Dept. of Environment and Natural Resources
Office of Waste Management
5OO East Capital Avenue
Pierre, SD 57501
605-773-3351

TENNESSEE
Environment and Conservation Dept.
Solid Waste Management Division
4O1 Church Street, 21st Floor
Nashvil le, TN 37248
615 -532 -0780

TEXAS
Natural Resource Conservation Commission
lndustrial and Hazardous Waste Division
P.O. Box 13087
Capital Station
Austin, TX 78711
512-239-2324

B4



UTAH
Dept. of Environmental Ouality
Division of Solid and Hazardous Waste
P .O .  Box  144810
saft Lake city, UT 84114
801 -538 -6170

VERMONT
Natural Resources Agency
Environmental Conservation Dept.
Hazardous Material Division
103 South Main Street
Waterbury, VT 05676
ao2-241-3888

VIRGINIA
Natural Resources Office
Environment Ouality Dept.
629 East Main Street
Richmond, VA 23219
804-762-4020
Hazardous Waste Hotline: 8OO-552-2075

WASHINGTON
Dept. of Ecology
Solid and Hazardous Waste Program
P.O. Box 47600, Row 6, Building 4
Olympia, WA 98504
360-407-6103

WEST VIRGINIA
Environmental Protection Bureau
Waste Management Division
1 356 Hansford Street
Charleston, WV 253O1
304-558-5929

wtscoNstN
Dept; of Natural Resources
Solid and Hazardous Waste Management
P.O. Box 7921
Madison, Wl 53707
608-266-1327

WYOMING
Dept. of Environmental Quality
Solid Waste Management Division
Herschler Building
122 West 25th Street
Cheyenne, WY 82002
307-777-7752

ADDITIONAL SOURCES
OF INFORMATION

1. Phone & Hotline Information

o RCRA/SuperfundHotline
1-800-424-9346 {in Washington, DC 260-3000)

. EPA Small Business Ombudsman Hotline
1-800-368-5888 ( in  Washington,  DC 557-1938)

o National Response Center
1-8OO-494-88O2 (in Washington, DC 260-26751

r Transportation of Hazardous Materials
202-366-4488

o Toxic Substance Control Act (TSCAI Assistance
Service
202-554-1404

o Center for Hazardous Materials Research (CHMR)
Hotline
"t-800-334-2467

2. EPA Documents

. EPA/53O-SW-86-O19, September 1986,
Understanding the Small Quantity Generator,
Hazardous Waste Generator.

. EPA/53O-SW-037, November 1986, Solving the
Hazardous Waste Problem - EPA's RCRA
Program.

3. Journal of Protective Coatings & Linings (available
from Technology Publishing Co., 23OO Wharton St.,
Suite 31O, Pittsburgh, PA 152O3 ISOO-837-83O31)

4. Other Publications

Eridge Paint Removal, Containment & Disposal,
Synthesis Report 20-O5/2O-O9, 1 992. Transpor-
tation Research Board, 2101 Constitution Ave.,
Washington, DC 20'418
Removal of Lead-Based Bridge Paints, NCHRP
Report 265, December 1983, Transportation
Research Board.
lndustrial Lead Paint Removal Handbook, SSPC
91-18,  November 1991.  Avai lable f rom SSPC,
44OO Fifth Ave., Pittsburgh, PA 15213.
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APPENDIX C

California Environmental Protection Agency
Hazardous Waste Management Program

Management Memo EO-95-010-MM
"Use Constituting Disposal"

Dated August 1995
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ocp.rttEnt of Toxic Sltct.nc.. Cqrtrot

I

HA:ZARDOUS WASTE MANAGEMENT PROGRAM

MANAGEMENT MEMO

t|lXAcEllElfT ldEltO J: Eo-95-010-illt

!!IILE: UgE CONBIfTTnINC DfgpOSAIr

IFFECaED PRoGRlltSs Hazardous l{aste }tanagement program
Site Uitigation prograo

I88UE!

Ther Department of Toxic substances control (DTsc) is now
developing regulations to address the iluse constituting disposaltl
restriction as it pertains to recyclable materiats that are
non-RCRA hazardous wastes in  sect ion 25143.2(e)  (Z l  o f  the Heal th
and safety code (Hsc) . A rrnon-RCRAfr waste is hazardous waste
that is regulated in California but is not a Resource
conservation and Recovery Act (RCRA) waste. A RCRA hazardous
waste is any waste identif ied as a hazardous waste in Part Z6L,
subchapter r, chapter 1 of Title 40 of the code of Federar
Regulations (40 CFR) . The rruse constitut ing disposalr l
restr ict ion affects the el igibi l i ty of recyi labl l  materials for
the exclusions and exernptions provided under HSC section 25143.2"
The purpose of this management nemo is to provide interirn
g'uidance on how to interpret rruse constituli.ng dispos.al, tt and
therefore deterrnine if a was!,e is subject to regulltion pursuant
to HSC sect ion 25L43.2(e)  (2) ,  unt i l  the reguLat ions are ldopted.

BACKGROIIND:

HSC sect ion 25143.2 addresses exc lus ions and exernpt ions for
recyclable materials that are rnanaged in a specif ied manner.
Note that a recyclable material is defined as a hazardous waste
tha t  i s  capab le  o f  be ing  recyc red . r  HSC sec t i on .25143 .2  a l so
l ists condit ions under which the recyclable materials must be
ful ly regulated as hazardous wastes, regrardless of the exclusion3
from classif ication as a waste and the exemptions frorn faci l i ty
pernitting requirements granted in this section. one such
condit ion is when the naterials are rrused in a manner
constitut ing disposal.rr This restr ict ion is addressed separately
for RCRA wastes and non-RCRA wastes.

Under Cali fornia law, there is no definit ion for ruse
constitut ing disposal.. fr The U.S. Environmental Protection Agency
(U.S.  EPA) has def ined r ruse ' .const i tu t ing d isposal t t  to  nean
placing recyclable na.terials or products. derived from recyclable

I Ref . Iisc section 25t20 . 5 .



t{anagenent }temo t EO-95-01O-U!{
Use Constituting Disposal
Page 2 of 7

materials on the land.2 Under federaL regulations, recyclable
materials that are used in a manner constituting disposal are
subject to regrulation as solid wastes. At the same time, the
U.S. EPA does not currently regulate products containing
recyclable materials that are placed on the land if the
recyclable materials have undergone a chenical reaction in
producing the product Eo as to be physically inseparable from the
product and the product meets the applicable treatment standards
(or applicable prohibition leveLs where no treatment standards
have been established) in subpart D, part 269, 40 CFR.

Since tg87, the DTSC has applied a set of criteria to recyclable
materiaLs placed on the land in detennining vhether or not such
materiaLs are lrused in a manner constituting disposal.tr If these
criteria are met, the recyclable naterials are not regulated
pursuant to HSC sect ion 25L43,2(e) (Zl  and may be el ig ib le for  the
exclusions and exemptions under HSC sect ion 25L43.2 (b),  (c)  or
(d). Tbe DTSC,g criteria apply only to non-RCRA rastea. The
DTSC is currently rrit ing regulations to address the issue of
recyclable materials that are placed on the land (rruse
constituting disposalrt). This management memo clarif ies the
criteria applied by the DTSC pending adoption of these
regulat ions.

ACTION:

The fol lowing, which arrpl, ies onlv to non-RCRA wastes, is the
DTSCts present interpretation of the truse constitut ing disposalr l
rest r ic t ion,  i .e . ,  o f  vh ich recyc lable mater ia ls  are subject  to
regulat ion,  in  HSC sect ion 25143.2(e)  (2) .  This  in terpretat ion
applies only unti l  regulations addressing recyclable materials
used in a manner constitut ing disposal or placed on the land are
adopted.

A recyclable material that is placed on the .Iand or used to
produce a product which is placed on the land is regulated
pursuant  to  HSC sect ion 25L43,2(e)  (2)  un less aI I  appl icable
criteria l isted below are met.

1. This cri terion applies to situations where the recyclable
naterial is used as an ingredient in the manufacture of a' product.. Hazardous constituents in the recyclable naterial

. whose concentrations are greater than or equal to the

2 Ref .  50 Federa l  Regis ter  618,  January 4,  1985,  and 40 cFR
2 6 6 . 2 0 .

I

a:

I
I
I
I
I
I

t
I
I
I
T
I
l

1
I



I

F
llanagement trlemo # EO-95-010-IrtU
UEe Constituting Disposal
Page 3 of 7

3 As set forth
Div is ion  4 .5 ,  T i t le
ccR)

I
T

regulatory solubre Bhreshold Liult concentrations' (srLCs)3
shall have chenlcally reacted or become physicarly bound so
as not to leach from tlre product containing the recycrable
naterial. Specifically, the hazardous conitltuents sha1l
not leach out in concentrationE that would exceed the
?pplicable STLC, once the effect of dilution by other
ingredients (as explained below) has been taken into
account.

rn order to meet this requiremen+-; the forlowing procedures
nust be used to evaluate the-recyclable material and the
product:

(a) Sanpling and analysis:

(1) Sanpling shall be conducted according to the
sanpling rnethods described in Test Methods for
Evaluat inq Sol id Waste,  phvsical /Chenical  Uethods,
SW-846, 3rd edi t ion,  1986r oF one of  the sampl ing
methods l isted in Appendix I, Chapter 11, Division
4.5,  Ti t le 22, Cal i fornia Code of  Regulat ions
(22 ccR) ; and

(2't Analysis sha1l be conducted according .to the Waste
Extraction Test (WET), Appendix II, Chapter 11,
Div is ion 4.5,  22 CCR, or an al ternat ive test .
method approved pursuant to 22 CCR section
6 6 2 6 0 . 2 L

(b) In order to demonstrate that the hazardous constituents
in the recyclable material are bound in the product so
that they would not exceed the applicable STLC, even
when elirninating the effect of dilution by other
ingredients, the following calculations must be used.

The concentration of the hazardous constituents in the
final productr ES deterrnined by the WET, must be
nultiplied by the dilution factor inherent in courbining..
the recyclable uraterial with other materials. The
dilution factor is calculated by dividing the weight of
the final product made with the recyclable naterial by
the weight of the recyclable material used in the
productr or

i n  s e c t i o n s  6 6 2 6 L . 2 4  ( a )  ( 2 )  ( $  a n d  ( a )  ( 2 )  ( B ) ,
22 of  the Cal i forn ia Code of  Regulat ions (22

I
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I

a:

I
I

weight of final product
E dilution factor

weight of recyclable naterial

If the ingredients in the product that are not
reeyclable naterials contain the same hdzardous
constituents present in the recyclable material, the
hazardous constituents in the ingredients that are not
recyclable materials nay be subtracted fron the
concentration,of hazardous constituents in the final
product, adjusted for dilution

The final calculation of the hazardous constituents
present in the productr ds deternined by taking into
account the effects of dilution and, where applicable,
the effects of hazardous constituents in ingredients
that are not recyclable naterials, nust be less than
the applicable STLC.

fol lowing is an example of how these calculations
be done.

A ton of spent sandblast grit, which is hazardous due
to a mean soLuble lead concentration of L2 mglL, is
conbined with nineteen tons of other aggregaie and
asphalt to produce twenty tons of asphal.tic concrete.
The dilution factor is thus 20 (twenly tons of f inal
productr.including the reicyclable naterial, divided by
the original one ton of recyclabl.e material!. The
asphaltic concrete is then subjected to the WET and
yierds nean resul ts for  lead of  0.05 ng/ l .  This number
is then roultiplied by the dilution facior, 20, for a
resul t  of  1.00 ng/ l .  The aggregate that  is not a
recyclable materiit was tesi,6a iittr the wET and found
to have a concentrat ion of  0.05 ng/ l  lead. This
concentration can be subtracted from L mg/L to give you
o.95 ng/I .  This f inar calcurat ion does not exceed the
STLC for lead of 5 ng/I and therefore meiets the
criterion.

A recycrable niterial used as a substitute for a commercial
product or a product containing a recyclable materiar sharl
not contain constituents that cause the product to exhibit
hazardous ctraracttsristics pursuant to Chapter 11,
Division 4.5, .ccR 22, other than those constituents ttrat are
also found in the same or greater concentrations in a
comparable co-mrnercial product. The only exception to this
requirement is if the person claining an exclusion obtains

The
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t EO-95-010-t{tI
Dieposal

the ulscts wrltten concurrence prior to using the recyclabre
naterial that:

(a) the concentrations of hazardous constituents greater
than those present in a conparabre conmercial product
inprove the quality of the product uade fron tle
recyclabre naterial and do not increase the hazards to
public health or the environnent of that producti or

(b) if no comparable comnercial product exiEts, the
hazardous constituents in the recycrable nateria.l that
cause the product to exhibit a characteristic of a
hazardous waste are beneficial to the product and do
not cause the product to pose a threat to public health
or the environment.

The recyclable material must be used beneficially, as
demonstrated by both of the following conditionsi'

(a) Prior to use, the recyclable material and the product
containing-that nrateriar must each be certif iei by a
quarif ied indgpendent engineer registered in the state
of california'to meet the appliciure standards or
specifications for the intended use of the recycrabLe
materiar or product of the Anerican society'for Testing
and Materials (AsrM), the American Associalion of statt
tt ighway and Transportation Officials (AASHTO), the
American National Standards Institute (N{SI), 

-tne

Uniform Building Code (UBC),, oE the standards of a
goverrrment agency having jurisdiction over the
construction apprications of that recyclable urateriar
or product. A nationally recognized industry standard,
other than those urention-d, may ue used with-the prior
written approval of the DTSC.

(b) There shall be no indications. of sham recycling,
including, but not l iroited to, use of the recyEiable
material or a product containing a recyclable materiar
in excess of what is necessary io accoinplish its
function, handling of the recyclable nalerial in a
manner inconsistent nith the economic value of the

By- rrqual.if ied independent engineerrr r w€ mean an engineer
whose registrat ion (e.9. ,  c iv i l ,  mechanicar,  strr l rctural ,  e1c.)  is
appropriate for the product she/he is certifying and who is not
an employee of the person claining an excrusion or exemption
pursuant to HSC 25L43.2.

3 .

I
I
I
I
I
I

t
I
I
I
I
I
I
f
t



I{anagenent }temo # EO-9S-O1O-UII'
Use Constituting Disposal
Page 6 of 7

I

{

materialr or insufficient uEe of the recyclable
naterial to accornplish itE function. 

-

Non-RCRA hazardous wastes managed accobding to the appricabre
criteri.a above rri l l  not be_regutated pursuint to Hsc 2sus.2(e)
and may therefore qualify for the excl.usions and exemptions-in'
HSC Eection 25L43.2 if the reguirements of a specific exclusion
or eTemption are met and none of the other prolisions of
Eubdivision (e) apply.

Examples of recyclable materials used in products placed on the
la_nd are spent.sandblast gritr.contaminatla soils, foundry sands,
ash, and demolit ion wastes, which nay be used, among othel
th ingsr.ss.asphal t  t reated road basel  landf i l i  

"ov" i  
mater ia l r  o!

aggregate in Portland cernent concrete or an asphaltic concrete.

use.of  recyclable nater iars as fer t i l izer,  soir  amendment,
agricultural mineralr oF_ an auxil iary soii. and plant subsiance,
with or without cornbinat-ion with othlr material's, is not covered
by this management meno and is regulated separatery.5 used oi]
is also not covered by this uranagement neno'.0 

'

This management memo will stay in effect unti l the pronulgation
of regrulations regarding management requirements fol .recyltabte
mater iars that .are placed on the landr 

- i .e. ,  
used in a manner

constituting disposalr oF unti l i t is replai:ed by a suu-el"""t
management memo or DTSC policy.

DISIRIBUTION:

CaI/EPA Access Bulletin Board Systern
Hazardous l{aste }tanagement prograrn poricy Mailing List

ATIACE!.IEIITS: None
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coNttC'|l:

Ms. Jessie Schnell
Resource Recovery Section
State Regulatory progrran Division
Hazardous Waste Management program He:10
Department of Toxic Substances Control
P . O .  B o x  8 O 6
Sacramento, California 95812-0806
Phone: (915) 32z-Loo3lcALNET 492-1003
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) Tnue cnrr
Naal ships and submarines a^re
usually sandblasted to give
their outsides a thmugh clean-
ing a pmcess that leaves a
residue of thousands of tonnes
of grit.

Finding landfill space to
dispose of the sand is a mqior
problem. But the grit also con-
tains traces of paint and
copper-based compounds that
in California, ai leasi, anre con-
sidered hazardous wastes.

Now, however, scientists at
Battelle Memorial Institute in
Ameria harae come up with a
novel solution. lnstead of
burying the grit, they mix it
with asphalt to replace the
sand and pave mads According
to researctrer Jeff Meang the
mixing process dilutes and
encapsulates the sandblasting
residue, rendering it practi-
cally harmless.

The grit-recycling project
was begun in 1988 when Naval
Civil Engineering taboratories
in Fort Huenemg CaMornia
asked the Institute to test the
pnocess. So fa4 researchers
have found that the asphalt
complies with erwironmental
regulations The next step is to
assess the long term stability of
the materid.

D-2



I
Repon on Defense Plant Wastes

April 24, 1992

Battelle Finds Safe Reuse
For Metal Sandblasting Grit

Researchen at Bmelle Memorial Instinrte say
they have successfully demonstrated a process tlnt
makes sandblasting gdt from the cleaning of Navy
vessels safe for use in paving highways, savi4g
valuable hazadous waste landfill space.

In Califomia, wherE much of the gdt is pro-
duce4 the zubstance must be managed as a haz-
ardous waste because it conains flakes of paint
with heavy metals nrch as lead. But Battelle re-
searchers say they have demmstrated a process
that allows &e sandblasting gxit to be mixed wittl
asphalt safely encapsulating the metal rcsidues.

-Ihe metal content of fre gnt is only in trace
amounts, only sligbtly above what you'd find nanr
rally occuning in the so4" said Jeff Means, who
heads the project ftr Barelle, a non-proftt rcsalph
corpora,tion "But Califomia's laws are very strin-
geil, so ithad to go to abazardous waste landfill

Tbis was crcating a real ptoblerr, since smd-
blastbg one wbmarine produces a tbous@d toDs
of git'Means said-

Tbe Naval Civil Engirrcering Laboratories in
Port Hueneme, Calif., in 1988 hircd Barelle b test
and evaluarc aprocess to stabilize tbe heavymetals
in the sard- Means said the Banelle sMy, con-
ducted last November near San Francisco, showed
the process was efEcient in stabilizing &e sand.
For information, contact Means at Buelle
Memorial Instiite, 505 King Ave., Columbu,
Ohio 43201-2693; telephone (614) 424-542.
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Battelle Today

Bolfelle on lhe rocrd to lurning
hoznrdous wosle into osphclt

The gritty residue left behind after sandblasting formedy
was hauled to the nearest hazardous waste dump for
disposal. Now, Battelle has demonstrated a process that
combines the waste with asphalt, safely converting the
hazardous waste to useful paving products.

The Battelle approach was recently demonstrated in the
construction of several highway test strips at a San
Francisco naval base. The tess proved the paving
compound to be in compliance with environmental
regulations. Battelle will now test the long-term stability
of the asphalt.

Asphalt is a mix of 95 percent aggregate stone and sand
and 5 percent oil. The mixture is heated to 300 F, then
spread hot. Battelle's formula allows for up to 10
percent of that mixture to be sandblasting grit.

This product could save a gteat deal of landfill space.
The residue from sandblasting just one submarine
produces a thousand tons of grit. The grit contains
flakes of paint, which often contain hear,y metals, such
as lead. Therefore, it is considered hazardous waste
under Califomia law.

The success of this program could lead to the recycling
of other low-level hazardous wastes in asphalt and
cement.

Battelle's work is being done for the Naval Civil Engi-
neering Laboratories in Port Hueneme, Calif.

Beiltelle'c cspholt formulo ollows for up lo

I O percenl of the mixlure fo be sondblosting gril.
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April13, L992
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AIID PAUE YOURSEH
flaval ships and sub-
llmarines are usually
sandblasted to give their
outsides a thorough
cleaning, a process that
leaves in its wake thou-
sands of tons of grit.
Finding landfill space to
dispose of the sand is
enough of a problem.
But the grit also con-
tains paint and copper-
based compounds that in
California, at least, are
considered hazardous
wastes. That means they require special handling.

Now. scientists at Battelle Memorial Institute have a novel
solution: Instead of burying the grit, mix it with asphalt-
which normally eontains sand-and build roads. According to
researcher Jeff Means, the mixing process dilutes and encap-
sulates the sandblasting residue, rendering it practically innoc-
uous. The grit-recycling project was begun in 1988 when Naval
Civil Engineering Laboratories in Port Hueneme, Calif., asked
Battelle to test the process. So far, researchers have found
that the asphalt complies with enviroumental regulations. The
next step is to test. its long-term stability.
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Hazardous Waste News, 14(16)

EAITEIJI RESEARCBERS FIND SAFE REUSE
FOR ITETAL-CONTATNING SAT{DBIASTINC GRTT

Researchers at Battelle llenorlal Institute say they have successfully demon-

strated a process that nakes sandblastlng grlt fron the cleanlng of Navy vessels

safe for use ln paving hlghways, savlng valuabLe hazardous ltaste landflLl sPace.

In Cbllforoia, whlch much of the grit is produced, the substance mtrst be

managed as a hazardous waste because lt contalns flakes of palnt wlth hearDr met-

als such as lead. But Battelle researchers say they have demonstrated a Process
that alLows the sandblasting grit to be nlxed wlth asphalt, safely encapsulating

the metal residues.

,The netal content of the grit ls only ln trace 'nounts, only sllghcIy aboYe

what you'd find naturaLly occurring ln the so11," said Jeff t'[eans, who heads the

proSelt for Battelle, a non-proflt research corporatlon. "But California's laus

"r"-.t 
ry scringent, so lt had to go to a hazardous weste landfill.

"Thls lras creatlng a real problen, slnee sandblasting one submarine produees

a thousand tons of grit, " Means said.

The NavaL Glvll Englneering LaboratorLes ln Port Huenene, Callf., ln 1988

hired Battelle to test and evaluate a process to stablllze the hearry metals in

the sand. Means said the BatteLle study, conducted last November near San Fran'

ciseo, showed the process lras efficient in stabilizing the sand. For inforna-

tion, contact lteans at: Battelle l{enorial Instltute, 505 King Ave., Golumbus,

Ohlo 4320L-2693; telephone (514) 424'5442, fa:c 424'3667.

t
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Grit down
A process developed by researchen at Bat-

telle Memorial Institute (Columbus, Ohio) en-
capsulates heavy meal residue from sandblasting
by mixing the gdtwith asphalq whidr then can
be used to pave highrval's. The grit is considered
hazardous under California law because it in-
cludes paint flakes, which often conain heavy
metnls. "This was cneating a real problem, be-
cause sandblasting one submarine produces a
thousand tons of grig" relataJeffMeans, the re-
seancher who heads dre proiect "You can imag-
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ine how much landfill space that would eat up.'
Banelle demonstrated the technology last

November near San Francisco in conjunction
with a Bay area asphdt company. Gritwas used
to produce asphalt, which then was used to
make several teststrips on an actira highway at a
local naval base. Tess showed dratthe operation
could be conducted safely and drat tle asphalCs
metal content complied with environmental
regulatioru. The next phase of the study involras
er"aluating dre asphalds long-erm sability.

I
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Mechanical Engineering, 1 1 4(9)
September 1992

Disarming Hazardous Grit
Sandblasting gdt, which was once

considered a hazardous waste, can be
safely mixed into asphalt for paving
highways in California, according to
research conducted by Battelle
Memorial Institute (Columbus, Ohio).

The residue of sandblasting is clas-
sified as hazardous under California's
stringent environmental laws because
it is laden with flakes of paint that of-
ten contain heavy metals, such as
lead. As a result, the grit must be dis-
posed of in a hazardous waste land-
fill. "This was creating a real problem
because sandblasting one submarine
produces a thousand tons of grit,"
said Jeff Means, a senior geochemist
who headed the Battelle project. He
added that disposal costs averaged
about $500 per ton.

Means and his colleagues decided
to substitute the grit left from sand-
blasting Navy ships and submarines
for the sand needed to produce as-
phalt. "Since sand is a normal com-
ponent of asphalt, using the grit to
make asphalt seemed like an obvious
solution." he said.

The Battelle team and Reed and
Graham Inc. (San Jose, Calif.) used
the grit to make asphalt that was
spread on several test strips on an
active highway in Hunters Point,
Calif., just south of San Francisco.
They followed the standard asphalt
formulation technique, mixing a 95
percent aggregate of stone and sand
with 5 percent oil. Up to 10 percent
of tbe aggregate consisted of grit.
The mixture was heated to 300'F
and spread hot on several test strips.

Means said that the metal content
of the asphalt was in compliance with
environmental regulations. The next
task facing the Battelle research team
is evaluating the long-term stability of
the asphalt. Should the stability be
sufficient, this process will cut grit
disposal costs down to $20 per ton.
"This is what the sandblaster will pay
an ashpalt company to take the gdt.
Besides saving the sandblasters mon-
ey, our process would also save the
asphalt manufacturers the purchase
price of sand, which they have to buy
anyway, and save hazardous waste
landfill space to boot," explained
Me ars.- M ichael V alenti
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Design News
Iuly 6, 1992

3I\f,DDI,A8!TO CBII TUBIYS tTtO 'II.ACtr COLD'
Reeearthers at BstteUe have demonstrated that the heavy-metal rustdus left ovpr frcrn
ssndblasilng Nsvy shlpg and submartneg oan be safely encepeulated ln asphelt. Rosea,r-
chercleff Means, whoheadstheprotect, notesthatthegrltlscete6Jorlzedasahazardoug
materlal under CaUfornla law beoeuee lt oft6n contalns palnte wlth heavy metals, such
ae lead. Aephalt naqulreg 95% Bggl€g&te stone and eand and 6% otl heated to SOOF and
sprcad hot. The formule allowe for up to IO% of eandblasttng gflt. Ib oart thts same
grlt to tha landflll would cost $BOO to 1600 per ton. And tn case Jrou thtnk ilrat laad-
based palnts won't create a problem much long6r, Meene estlmat€e that at leaet 1O years
of the haza,rdoug subgtance et'ill odsts. Meane wlll have a full noport on the proJect shorily.
He can be rcached et (614) 424-8442.

I
I .

^t
I
I
I
I
I
I
I
I

il
I
T
t
I
I
t
I

t
I

D-9



h
I

I

Hazardous Waste Repon
May 4, 1992

Mav 4. 1992-Hazardous Waste Reoort

SCIENCE & TECHNOLOGY
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BATTELLE DEMONSTRATES
PROCESS TO MAKE ASPHALT
FROM SANDBLASTING GRIT

Sandblasting grit that was oncc lEaded for tbe
hazardous wasrc lardfill can now bc uscd to pave
hiShways.

Re.searchen at Batrelle have demonstratcd a pro
ccss that allows gdt ro be mixed wirh asphalt, safcly
cncapdulating the heavy-meEl residue left over ftom
sandblasting Navy ships and submarines, and saving
valuable lardfi ll space.

The demonstration was conducted last November
ncar San Francisco. BaBelle .nd a bay area asflult
conpany used rhe grit to produce asphal! that was uscd

to make sevefal test strips on an active highway ar a
local navy basc.

Banelle conduqed numeroun tests, all of which
provod tDrl the operation could bc conductcd safely
ed that fic mcral coilentof fie asphalt was incompli-
alcc wilh cnrriDnmcmal rEgulations, Thc ncxt phasc
ofdc snrdy is o evaluale dE long-term $ability of6c
rsphrlt

Rcsegcbcr Jefr Mcaru, who tpads ttt pmject,
taid ec grit is cacgiorized as a hazardous malcrial
undcrCalifomia law bccause itconbins flakesof paint,
which oftcn contain hcavy met4lc, such as lead. There-
br!, it hrd to bc dispoaed of in a hazardors wasre
LtrdfilL

"lt Eally isn't very hazardous," Means said of trc
griL 'The.metal content of Ole grir is only in trace
amounB, only stigh0y above what you'd find ocorr-
ring naturally in thc soil. But, California's
cnviroDmg|nl laws arc vcry suingcnr, so it had !o go
to a hazardous wagc landfill This was ceuing a rcal
problo, becausc sadblasting on€ submarine poduc-
ca a tbilsatrd tons of griL You can imagine how much
lrtdfill spacc dlal would eat up."

Tbc Naval Civit EngirEedng Labordodes in Poa
Huerpmc, Calif.. htsl Bauelle in l98E to test and
cvaluaE a pnccss to stabilizc rhe hcavy metals in lhe
sard Means said rhe Banellc strrdy showed that prc-
ccss was inefficimt in sabilizing the sand.

"Sirc sard is a nomal componeil of asphalt
anyway, using the gdt !o make asphalt seemed like an
obvious solution," Means said. "Mxing 0le sand fur-
ther dilues and ercapsularcs what is already pEtty
inrrccuous snrfr, and it ad& o the smctural integlity
of tbe asplult"

Asphalt is a mix of95 perceft aggrcgate slone ard
surd ard five pstccnr oil. The mixnl'r is lEat€d b 300
degces Faht€ntreii, then sgtead trot Means said tha
formula allows for up to l0 perceil of that mixture o
bc sardblrsting grir.

Means said lhe success ofplacing sandblasting grir
in the asphalt could lead to rccycling other low-level
hazardous wsstes in asphalt and cemetu. "Obviously,
you wouldn't want to use a highly toxic or hazardous
material," Means said. "However, by using low-grade
hazardous material, such as the griL you can safely
reuse your wasc and save landfill space."

For morc information, contas ,cff Means, Bancl-
le, at (614Y24-5442.

t
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Example Transportation Plan
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7.0 TRANSFORTATION PLAN

This chapter discusses the plans for complyrng with transporation requircments
of moving the grit on highways in California. Several of the requirements are as follows

t 
and discussed in the following sections:

o Each vehicle will have a tarp ttrat is placed over the exposed
portion of the grit.

o The gdt will be unloaded at AItA directly into the lined
storage areas.

o The driven and hot plant employees will have initial ailgate
safety meetings to discuss this project.

7.1 DRIVER, TRAINING

All truck drivers will be trained and educated on the material they are handling.

The drivers will meet and be provided with a packet of documents that will include the

following documents.

I ' A map with clearly defined instructions on the route of travel

I o Material Safety Daa Sheets, if available, for copper and lead

[ 
' kboraory rcsult daa sheets, if available, for analyses performed on

f material being caried.

I
I 7.2 STORAGE AT R&G

l Upon arrival at the hot plant facility, the grit will be offloaded at the designated

t 
storage location. The grit storage area will be clearly marked and segrcgated from other

t aggregate materials at the ptant.

t
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7J DECONTAMINATION OF TIIE TRUCKS

Equipment that comes directly in conact with the gnt wilt be deconaminated

with water or wet towels. The washwater will be collected in a drum and chemically

analyzed for TTLC metals and, if necessary based on the TTLC data, STLC Cu and pb to 
I

ensurc that it is nonhazardous and then dispositioned accordingly.

I
I
I
t
I

,IT

I
l
I
I
t
I
I

1
T

7-2



APPEI{DD( F

Example Health and Safety Plan
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9.0 HEALTH AI{D SAFETY PLAN

9.1 I(EY PERSONIWL AIVD RESPONSTBn,NT&S

Dr. Jeffrey L. Means, Project Manager, is responsible for the overall
performance and compliance with the work plan. In the event the project
Manager becomes awarc of a deficiency in implemenation of the Health and
safety Plan, recommends changes to the plan, or rccommends changes in
the interp'retation of the plan, he shall tafte appropriate action and inform the
appropriate people. Dr. Means has ssved as Chairperson of the Battelle
Environmenal Sciences Safety Committee and is currently Chairpenon of
the Battelle Radiological Safety Committee.

Mr. Gregory L. Headington, Senior Research Technician, is responsible for
sampling and coordinating field activities. Mr. Headington is eiperienced in
field sampting including involvement in numerous field sampling programs
and satisfactory completion of the 4Ghour Hazardous waste rraining
Course plus urnnal 8-hour rcfrresher @urses.

Mr. Jerry lransen, owner and operations Manager, will be responsible for
overseeing all o'perations conducted at the ARA proces.ing pl-t.

Mr. Jefery c. Heath, the NCEL project officer, is rcsponsible for the
overall coordination benveen IIPA, the contractors, the Navy, and
regulaory agencies.

9.2 .IOB IIAZARD AI\ALYS$

- The job hazard analysis is provided to ensure all possible risks are understood
before any work is conducted.

9.2.1 kimarv llealth Hazards

The sandblasting grit contains a variety of metals in low concentrations, most
importantly the following:

9-1
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Zinc up to 2,500 ppm

Copps up to 2,500 ppm

Barium up to 340 ppm

I-ead up o 330 ppm

Nickel up to 270 ppm

Total chromium up to 180 ppm

Hexavdent chromium up to 14 ppm.

The most significant of these in terms of possible health effects are hexavalent

chromium and lead. Also, the treated grit pite has atkaline pH, up to l2-l2t/2,, due to the

stabilization chemicals that were added and conains rcactive sulfide in low ppm

concentrations, which could be converted to HrS if exposed to a strong acid.

primary potentid health hazards associated with exposure to the chemical

substances identifid in detectable concentntions are provided in Table 9-1. Applicable

employee 8-hour permissible exposurc limits (PEL) and TLVs are also indicated in

Table 9-2 wherc available. The aprplicable PFT s are defined by the United States

Department of Labor, Occupational Safety and Health Adminisuation (OSHA), in the

volume identified in the Code of Federal Regulations (CFR), Titte 29, I-abor, Sec-

tion 1910.1000, or other ap'propriate sections.

The TLVs listed are recommended by the American Conference of Govern-

menal Industrial Hygieniss. TLVs refer to airborne concentrations of substances and

r€present conditions during which it is believed that nerly all workers may be repeatedly

exposed, 8 houn per day, day after day, for a 4Gyear working lifetime, without adverrc

effect. Because of a wide variation in individual susceptibilit5r, however, a small percentage

of workers may experience discomfort to chemical subsances at concentrations equal to or

below the TLV. A still smaller percentage of persons may be affected more seriously from

exposues at or below the TLV due to aggravation of a preexisting condition or

dwelopment of an occupation illness. TLVs are based on the best available information

from industrial experience, ftom human and animal studies, and when possible from a

combination of the three sources.
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TABLE 9-I. PRI}IARY HEALTTI HAZARDS AIID EXPOSUR,E LITIITS OF
CHETIICAL SUBSTA}ICES DEfECTHI O]I SUBTIECT SITE

I
I
. I /
\ I

-

I
I
I
I
I
I
I

Compound
ACGrH JLV
(rng/m')

Federal 0SHA
Exposure t imit

(gm/m') Primary Health Hazard

Bari um

Beryl 1 i um

Cadmi um

Chromium ( I I I )

Chromium (VI)

Copper

Fl uoride

Lead

l,lolybdenum
(sol  ubl  e)
( i n s o l u b l e )

Ni ckel

Vanadi um

Zinc

0 . 5

0 .002
0.005c

0 . 2

0 . 5

0.002

0.002

0 . 0 5

0 . 5

Dermal and nasal irritant
Lung disease, suspected
carcinogen

Respiratory irr i tant,
systemic toxin

Skin and respiratory
imi tant

Skin, €J€, respiratory
i r r i t an t ;  rh in i t i s ;  l ung
carci nogen

Skin and eye irr i tant

Skin, €y€, respiratory
irr i tant;  systemic toxin

Systemic and reproductive
toxin

lilucous membrane irritant,
1ow toxici ty

l,lucous membrane irritant,
low toxici ty

Dermati t is,  sinus and 
' lung

cancer

Eye and bronchial i rr i tant,
lung d isease

Irr i tant,  low toxici ty

I
t
t
I
l
T

0 . 5

1 . 0

2 . 5

0 . 0 5

5 . 0
1 5 . 0

1 . 0

0 . 5

5 . 0

0 . 5

1 . 0

2 . 5

0 . 1 5

5 . 0
1 0 . 0

0 . 1

0 . 0 5

5 . 0

I
f
I
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TABLE 9-2. EXP0SURE T0 Col{TAilIltAltTS tfITH 5 }tc/il3 T0TAL EXP0SURE

I
I
I
I
I

Conc.
(mg/kg)

PEL/Tlv
(mg/m')

Exposrye (mg/m3)
@ 5 mg/m' total dust

Al umi num
Bari um
Beryl I ium
Cobal t
Chromi um
Copper
Iron
Potassi um
l,lagnesi un
[,langanese
l,lolybdenum
Ni ckel
Lead
Antimony
Stronti um
Ti tani um
Vanadi um
Zi  nc

3000
100

0 . 0 4
5

40
2000

100000
200

5000
200

l 0
70

200
l 0
?0

100
l0

900

l0
0 . 0 0 2
0 . 0 0 2
0 . 0 5
0 . 5
I
I

NE'
l 0
5
5
0 . 1
0 . 0 5
0 . 5

NE'
NE'
0 . 0 5
5

0 . 0 1 5
0.0005
0.0000002
0.000025
0.0002
0 . 0 1
0 . 0 5
0 . 0 0 1
0 . 0 2 5
0 . 0 0 1
0.00005
0.00035
0 . 0 0 1
0.00005
0 . 0 0 0 1
0.0005
0.00005
0.00045

t
I

I
I
t
I
I
I

'  
NE -  None establ ished
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The time-weighed average TLV, or TLV-TVIIA, represens a time-weighted

average exposure for an 8-hour work day, 4&hour work week. The majority of TLVs are

expressed as TLV-TWAs. Certain substarrces have a 'skinn notation following the TLV

which implies that the overall exposure to a substance is enhanced by skin, mucous

membrane, and/or eye contact exposurc. Some subsances have a ceiling value designated

by the letter "C". Ceiling values should not be exceeded at any time during the work day.

922 Potential Safetv llazards at Site

Porcntial Safety llaz:r:d, HPA, ARA, or Both Required Control Measure(s)

Inw clearance; objects
dropped from above

Flyrng particulate

Objects striking foot

Slips, eips, falls

Formation of hydrogen
sulfide gas from treatcd
grit pile

ARA

Both

Both

Both

Hard hats \rdll be worn

Goggles and/or safety glasses shall be
worn

Boots shall have steel-rcinforced toes

Attempts shall be made to minimize
slips, trips, and falls by providing
clear footing

An action level of 5 ppm will be set.
A hydrogen-sulfide monioring devise
wiU be available at dl times. No
work will be initiated if levels are
geater than 5 ppm. If hydrogen
sulfide exceeds 5 ppm while working,
worken will leave the area at once.
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9.3 ANTICIPATED WEATHER COI{DMONS

The anticipated weather conditions at HPA and ARA during the proposed work

time schedule is expected to include temperahrres ranglng ftom approximately mid 60"F to

mid 80"F, with a possibility of light wind and rain.



9.4 RISK ASSESSMENT SUMMARY

The toal dust exposurc iui a result of any project activities is not expected to
approach a concentnrtion of 5 mg/d as an 8-hour, time-weighted average. Even if this
exPosure level werc reached, the exposurc to the contaminants would be orders of
magnitude below the TLV or PEL (whichever is lower) for the contaminant as presented in
Table 9-2. See Chapter 11 for a summary of a risk screerdng analysis pertaining to the
screening of grit and the loading of tnrcks with grit at the HpA.

9.5 PERSONAL PROTECTTVE EOT]IPMEtr\TT

Based upon the risk assessment that exposurc to airborne concentrations of
metals and their salts during the collection of the samples will be orders of magninrde below
the applicable TLVs, kvel D personal protective equipment shall be worn by all persons

entering the work site. The Itrrd D equipment includes the following:

Coveralls or similar protective clothing

St€el-tod boots

Gloves

Safety glasses

Ilard hac when there is low clearance.

In addition, kvel C equipment shall be avaitable in the event that upgrading of
the protection level is required. This equipment will include outer disposable coveralls;
chemical protective gloves and boots; urd negative prcssurc MOSH approved, HEpA-
filtered rcspiraton in addition to Level D equipment. Ievel C personal protective

equipment will be donned if any of the following conditions occur:

I
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Any iniation of the eyes, nose, or throat is detected

Significant dust is encountered.

o Unusual odors are detected



T

t 9.6 WORK PRACTICES

I 
The workers will remain upwind of all activities that arc expected to result in

the potential release of airborne conaminanB. This includes emptying of the sampling

I 
device, filling the sampling bottles, loading operations, unloading operations, and
roadgrinding operations.

I 
No eating, drinking, chewing of gum, or smoking will be permitted in the work

area.

I Any skin contact with the conaminated or potenriatly contaminated grit,
samples, or equipment shdl be avoided. The asphalt-tneated grlt has been analyzed and has

I passed all rcgulatory levels. Conact with asphalt-treated gnt by personnel under normal
conditions should not pose any unacce,pable risk.

I Removal of materials from protective clothing or equipment by blowing,
shaking, or any other means that could disperse contaminated materials is prohibited.

I
9.7 DECONTAMINATION

t 
Sampling equipment will be deconaminated with paper towels benveen samples

I and by three wipedowns with damp Fper towels. All disposable materials, including

I disposable gloves, paper towels, etc., will be placed in appropriately marked containen
t (e.g., plastic bags) urd disposed as either nonhazardous or hazardous waste, as appropriate.

I As'discussed above, plastic liners, trucls, and other heavy equipment coming in contact
I with the grit will be washed with water and/or wet towels. The wash water will be

I analyzed and diqpositioned as warranted.
r

I 
e.r ErvrERcENcy pLANs

The Point-of-Contact at the Hunters Point Naval Station in the event of

emergency is as follows:
I
I
f
I
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San Francisco General Hospial - (415) 821-Bl1l/82m
Sr Luke's Hospial - (415) 8&Bffitffi}s
Mr. westerrneyer - Hunters Point Annex contact - (415) B2z-1243
Base Security - Hunt€rs Point Annex - (415) 641-2535|6f,i56
Fire Depanment - Huntss Point Annex - (415) 822-ffi35
Mr. Jim Sullivan - Hunten Point Annex - (415) 395-5454
Nationd Response Center - (800) 92+8892
EPA - Emergency Response Section - (415) 97+7SlL
Chemtrec (24 houn) - (800) 42+93N
De'partrnent of roxic subsances conrrol, Berkeley - (510) s40-2122
San Francisco Office of Emergency Serrrices - (415) 4/l-ffZ}

The emergency carc medical facility nearest the subject site is San Francirco

General Hospital located at 1001 Portrero Avenug, San Francism, California, at Portrero

and23rd Street. A map to the nearcst hoqpial is included in Figurc 9-1. The police, fire
depanrnent, paramedics, and ambulance may be reached via telephone by dialing 911.

These telephone numbers shall be posted at the worksite.
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APPENDX G

Example QA/QC Plan
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L 10.0 QA/QC PLAN

The following items are the essential elements of QAIQC for this program:

Proiect Coordination: The field demonstration snrdy wiU be under the direction

of Dr. Jeff Means of Battelle. Dr. Means will be responsible for daily activities

and coordination with the subcontractors throughout the program. Dr. Means

will dso reniew all data and lab book entries. Dr. Means will also convey any

problems directly to the client prcject engineer, Mr. Jeffery C. Heath of the

Naval Civil Engineering laboraory, for corrective action as required.

Sampling Procedures. These are discussed in Chapters 2 through 5. Any

variations or exceptions will be documented in laboratory record books.

Sample Custody. All sample invenories will be entered on sandard chain-of-

custody forms. All sample bottles will be secured with chain-of-custody tape

betwecn collection time and receipt at laboratories. I:boratories will follow

standard chain-of-custody control of samples.

Calibration. laboraory calibration will be required according to each

instrument standards pocedurc and will include linear dynamic finge

calibrations.

Analytical Procedures. Methods referenced for analysis will be used as

specified. Any deviations or variations will be documented.

Daa Reduction and Reporting. All andytical data will be reduced by thc

labonory conducting the analysis and reported to the Project lvlarrager, Dr. Jeff

Means. Daa should include the complete field sample number, any assigned

laboraory numbers, any observations or problems, limits of detection for

method of analysis, and concentration per mass of sample analyzed. Standard
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I
daa forms or Permanent record copies will be mainained for analytical

traceability. The results of any spikes urd re,plicates will also be included.

Performance and System Audits. Audits are not anticipated for this prograrn

unless reported daa are incomplete.

Pneventative Maintenance. Field and labontory equipment will be mainained

in a clean workable condition.

Procedures to Assess Data. Alt field records will be reniewed by the project

lv{anager or his designee. Sample inventories, chain-of-custody forms, and

sample labels will be checked by a second person prior to shipment. Daa will

be rwiewed for completeness by the project Manager.

Corrective Action. Any inadequacies or erronl will be noted and communicated
to the responsible person (persons signing forms or records) for explanation as
required. Any erron or corrections must be initialed and dated after a single
line-through. No errors arc to be corrected by ape erasing, white-out, or
obliteration. AII entries wiII be legible. Any corrections noted by the project

Manager witl be made and then initialed and dated.
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APPENDD( H

Example Statement of Work for Placing an ABM
to Asphalt Recycling Contract
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Statement of Work

ABM.TGASPHALT RECYCLING PROJECT
AT HUNTERS POrNT ANNEX, CALTFORNIA

1. TITLE: Full-scale demonstration of an asphalt solidification process.

2. GENERAL: The Naval Civil Engineering Laboratory (NCEL) has a requirement for a laboratory
with experience in asphalt solidification of spent sandblasting grit and the cleanup of contaminated
sites to characterize materials, analyze data, and evaluate processes. This work is important for
evaluating the applicability of technologies for use at naval installations.

No Navy activity has the necessary in-house capability to perform the tasks specified in this work
statement, and no other government laboratory or center has the capability to perform the
requested work.

3. OBJECTMS: The objectives of this task are to: (a) collect data on the physical and chemical
characteristics of the asphalt test strips that were constructed at Hunters Point Annex ([IPA);
(b) conduct a roadgrinding operation on one set of these test strips to evaluate air emissions; and
(c) develop a work plan for a full-scale demonstration project to evaluate the feasibility of
recycling the entire 3,200 cubic yards of sandblasting grit, a hazardous waste, at HPA into
asphalt concrete; (d) determine the effectiveness of sieving and milling technologies in removing
debris and producing the dasired particle size for recycling into asphalt concrete; (e) test and
evaluate a full-scale asphalt solidification process; and (0 provide for the technology transfer of
this technology for routine Navy use.

4. SPECIFIC TASKS: The contractor will conduct the following specific tasks:

a. Determine the long term effectiveness of the recycling of spent sandblasting grit into asphalt
concrete during the pilot test conducted in November 1991. During the pilot test, test strips
of asphalt concrete were made from grit in the covered pilas at HPA. The contractor shall:

Collect approximately 9 asphalt samples, 3 each from the sulfide-treated grit, untreated
grit, and control grit asphalt concrete strips, and analyze them for STLC and TTLC Cu
and Pb. Physical properties such as cohesiometer and stabilometer values will be
determined. Upon completion of sample collection, fog seal the permanent test strips and
mark sample locations and test data on the strips.

Install a traffic meter on the long-term test strips on Fisher Street and collect data on
traffic flow.

Develop a test plan for the roadgrinding operation to be conducted on the short-term test
strips on Spear Street, including a description of roadgrinding procedures, air monitoring
techniques, data evaluation, safety procedures, and schedule.
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iv. Conduct the roadgrinding, test described in specific task a.iii. above and report on the
results in terms of average and maximum expected exposures of occupational and public
receptors to metal-laden dust.

Collect data on the chemical characteristics of additional identified blasting grit and the debris
in the sandblast piles. The contractor shall:

i. Collect 4 wood and 4 cloth samples from the untreated grit pile and analyze them for
TCLP Pb.

ii. Collect 3 grit samples from the untreated grit pile md analyze them for asbestos.

iii. Collect 6 samples of grit from the building on IIPA (PA44) where there is evidence of
previous blasting operations and accumulation of approximately 100 tons of grit. Analyze
these samples for TTLC (all 19 metals), STLC (those metals which could exceed STLC
thresholds based on TTLC results) and TCLP (metals which could exceed the TCLP
thresholds based on the STLC results.

iv. Upon completion of sampling activity, repair the broken seanrs in the liners on the
untreated and treated grit piles.

Develop a work plan for the full-scale demonstration of asphalt recycling technology on the
3,200 cubic yards of treated and untreated grit presently stored under the two liners at HPA.
This work plan shall describe expected on-site activities, including the milling of the sulfide-
treated grit, sieving of the untreated grit, debris disposal activities, air monitoring, hauling
procedures, schedules, grit storage at the asphalt plant, the recipe for grit-containing asphalt,
a safety plan, a sampling and analysis plan, a QA/QC plan, and a risk screening analysis to
predict maximum possible dust emissions during the milling and screening operations.

Test the effectiveness of milling technology to reduce the particle size of the sulfide-treated
grit at HPA to 3 % inch. The 800-cubic yard pile of sulfide-treated grit will be prepared for
recycling into asphalt concrete. Data to be collected for the Field Demonstration Report
FDR) includes labor requirements, processing rate, product uniformity and size distribution,
energy coiliumption, quantity of reject material produced, problems encountered, and work
logs.

Test the effectiveness of sieving and/or screening technology to remove debris from the
untreated grit pile at HPA and prepare the approximately 2400-cubic yard untreated grit at
HPA for recycling into asphdt concrete. Data to be collected for the FDR includes labor
requirements, processing rate, product uniformity and size distribution, quantity of debris
generated, problems encountered, and work logs.

Dispose of nonhazardous and hazardous debris or reject from the operations in tasls (d) and
(e) above in accordance with applicable state and federal regulations. For cost-estimating
pu{poses, assume disposal of300 tons ofnonhazardous debris and 100 tons ofhazardous
debris. Actual quantrty of debris and reject shall be included in the FDR, along with copies
of all shipping manifess.
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Conduct on-site air monitoring during the milling and screening operations of a period of
3 days or until dust levels ftom 3 consecutive days of measurements are shown to be less than
5 mg/m3. The results of the air monitoring shall be included in the FDR.

Evaluate the effectiveness of an asphdt solidification process during a full-scale demonstra-
tion. This task includes:

i. Inading approximately 3,000 orbic yards of sulfide treated and untreated spent grit (after
milling/sieving) at HPA into trucks and conducting on-site air monitoring during the
loading operations at HPA for dust levels for a period of 3 days or until 3 consecutive
days of measurement are shown to be less than 5 mg/m3. The contractor shall provide
dust suppression for fugitive dust during loading. Results of the air monitoring shall be
included in the FDR.

ii. Transport the grit to a Bay-area asphdt concrete manufacturer. Decontaminate the trucks
at the conclusion of the project. Copies of the shipping manifests and weight tickets shall
be included in the FDR.

iii. Hire a suitable Bay-area asphalt concrete manufacftre to recycle the approximately
3,000 cubic yards of sandblasting gdt into the production of asphalt conoete meeting
Cdtrans criteria. This effort will be conducted in compliance with applicable state, local,
and federal regulations and a detailed workplan prepared under a separate effort. Strict
adherence to the asphalt mix design determined during bench scale testing and pilot test-
ing shall be maintained throughout the recycling project. Data to be collected includes
processing rate, mix temperature, mix excursions, composition of additive aggregates and
asphalt, actual processing time, labor requirements, problems encountered, and work
logs.

iv. Conduct periodic chemical analyses to e$ilre that the asphdt concrete containing
sandblasting grit conforms to STLC and TTLC criteria and Cdtrans asphdt specifica-
tions. For costing purposes, :tssume I sample per every 2,500 tons of asphalt produced
(approximately 18 samples over the entire project). Resuls of these analyses will be
included in the FDR.

v. Upon completion of the full-scale demonsnation, identiff methods to decontaminate the
liner as necessary for reuse at other sites and conduct the decontamination demonstration.

Obtain any necessary Federal, State, and local permits for the performance of the tasks
described in usts 4a - 4h above.

Prepare a Field Demonstration Report (FDR) summarizing the results of tasls 4a - 4i and
make recommendations for the proper implementation of asphdt solidification technology for
future Navy sandblasting grit recycling projects. The report should document dl tasts and
evenB that have occurred in the HPA asphalt demonstration and include all data in appendices
or by reference to other published reports. The contractor shall evaluate the data to deter-
mine cost effectiveness of the process and environmental impacts of asphalt solidification of
hazardous waste. Statistical analysis of the sampling data will be performed to determine
ac$d solidification efficiencies, and summarizd in easy to read charts, graphs, and tables
where necessary.
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k. Prepare a 4-page asphalt solidification technology data sheet and a slide presentation
discussing the project and its effectiveness.

5. REPORTING REOUIREMENTS: The contractor will provide the following:

a. Oral reports as requested by the Point of Conact (POC) upon demand.

b. Monthly written sunmary of activities will be submined to the POC. The monthly status
report shall contain the schedule for the tasks outlined in section 4 above, acNal status of
each task, any changes to the schedule needed, progress made during the month, explanation
of any delays, and expected progress for the next month. The report should contain a cost
summary outlining &e total budget estimated and actud expeDses, cost for the previous
month, total cost to date, current balance, and whether the project is within budget.

c. A draft test plan for the roadgrinding test containing the information described in section 4a,
above. The draft test plan is due 60 days after contract award. Government comments will
be returned 70 days after receip of the draft. Final version of the document is due 15 days
after receipt of final review comments from the Navy.

d. A draft work plan for the full-scale asphalt demonstration containing the information
described in section 4c, above. The draft work plan is due 90 days after contract award.
Government comments will be returned 70 days after receipt of the draft. Final version of
this document is due 15 days after receip of final review comments from the Navy.

A draft and final Field Demonstration Report (FDR) containing the information described in
section 4j above. The draft report is due 9 months after contract award. Government
comments will be returned 90 days after receipt of the draft. The final report is due 30 days
after receipt of review comments.

A draft and final technology transfer sheet repoft and slide show containing the information
described in section 4k above. The draft technology trensfer sheet is due l0 months after
contract award. Government comments are due 60 days after receipt of the draft. The final
report and slide show is due 30 days after receipt of final review comments.

The contractor shall provide a3rh" or 5-%' floppy disk containing each final report
described in Section 5 in WordPerfect 5.1 or ASCII format to the POC within 30 days of
completion of the services.

Four copies of each draft report and four copies of each final report shall be submitted to
NCEL, Code L71. One copy of each final report shall be submined to Battelle, RTP Office.
One copy of the draft and final slide show shall be submitted to NCEL, Code L71.

6. OUALIFICATIONS FGOUIREMENTS: The laboratory chosen for this work will have
experience with grit solidification, geochemistry, and waste characterization, and have capabilities
in analytical chemistry and engineering.
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7. PLACE AND PERIOD OF PERFORMANCE

This task will be completed within 14 months of contract initiation.

Approximately 80 working days for research scientist(s) or engineer(s) and 110 days of
technician time are required for this stndy. Subcontractors will be needed for an analytical
laboratory certified in the state of California, a firm to repair the liners, a milling firm, a
mechanical screening firm, a trucking firm, a hazardous waste hauler, and a San Francisco
Bay asphalt contractor. It is expected that the contractor will need to rent the following
equipment, not available for this project within the Navy:

o Roadgrinder Test Equipment -l day
o Traf,frc Meter - 4 months
o Front End Loader(s) - 20 days
o End Dump Truck(s) - 120 days
o Water Tnrck - 3 days
o Vibrating Screen - 20 days
o Grinder/mill to reduce particle size of treated grit - 20 days

The Navy has explored other options and has found that rental of this equipment is the most
cost efficient option for completing this task. The traffrc meter described above may be
purchased instead of rented if no rental is available or purchasing is more cost efhcient. If
the traffic meter is purchased, the traffic meter becomes the property of NCEL at the
completion of the task.

All work will be performed at the contrastor's facilities with the exception of the work that is
subcontracted as described in section 7b.

Ten (10) round trips to San Francisco, California (and vicinity) are anticipated for this study.

8. RESTRICTIONS: There is no known conflict of interest associated with ttris task.

9. SECURITY CLEARANCE: No clearance required.

10. POINT OF CONTACT:
Jeffery C. Heath
Code L71
Naval Civil Engineering Laboratory
Port Hueneme, CA 93043
(80t 982-1657, AUTOVON 551-1657
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